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1INTRODUCTION
I n  t h e  r o u t i n e  e x a m in a t io n  o f  t h e  u r i n e  o f  c h i l d r e n  
u n d e r  t r e a t m e n t  i n  h o s p i t a l  f o r  a v a r i e t y  o f  c o n d i t i o n s ,  
p y u r i a  was found so f r e q u e n t l y  t h a t  i t  was d e c id e d  to make 
a s tu d y  o f  a  l a r g e  g roup  o f  t h e s e  p a t i e n t s  i n  o r d e r  to 
a s c e r t a i n
(a )  The i n c i d e n c e  of  i n f e c t i o n  o f  t h e  u r i n a r y  
t r a c t
(b) I t s  n a t u r e
(c )  The f a c t o r s  which p r e c i p i t a t e  i t
(d)  I t s  d u r a t i o n  and i n f l u e n c e  on p r o g n o s i s
(e )  The p r o p h y l a x i s  and t r e a t m e n t .
U n t i l  r e c e n t l y ,  l e s i o n s  o f  the  k id n e y  i n  c h i l d r e n ,  
a s s o c i a t e d  w i t h  th e  p a s s a g e  of  p u s  and o rgan ism s  i n  th e  
u r i n e  had been c o n s i d e r e d  to  be due to  in f la m m a t io n  o f  th e  
p e l v i s  of  th e  k i d n e y .  The o b s e r v a t i o n s  o f  Chown (1927) and 
W ilson  and S c h lo s s  (1929) have shewn t h a t  th e  l e s i o n  most  
commonly p r e s e n t  i s  a  b i l a t e r a l  s u p p u r a t iv e  i n t e r s t i t i a l  
n e p h r i t i s .  The te rm  " P y e l o n e p h r i t i s "  w i l l  t h e r e f o r e  be 
U3ed h e r e  i n  p r e f e r e n c e  to the  term " P y e l i t i s " .
2HISTORY
I n f e c t i o n  o f  th e  u r i n a r y  t r a c t  has  lo n g  been  known 
a s  a  d i s e a s e  of  a d u l t s ,  b u t  the  c o n d i t i o n  a s  i t  o c c u r s  i n  
c h i l d r e n  was b a r e l y  r e c o g n i s e d  u n t i l  th e  end o f  t h e  n i n e ­
t e e n t h  c e n t u r y .  At t h i s  t ime d i s e a s e s  o f  c h i l d r e n  were 
becoming th e  o b j e c t  of  s p e c i a l  s t u d y ,  and th e  g ro w th  of  
b a c t e r i o l o g y  a t  t h e  same t ime s u p p l i e d  th e  m e d ic a l  man w i th  
a  new weapon f o r  t h e i r  f u r t h e r  i n v e s t i g a t i o n .
Von H t l t tenbrenner*  s a c c o u n t  of  u r i n a r y  i n f e c t i o n  i n  
i n f a n c y  i n  1876,  a ro u s e d  p r a c t i c a l l y  no i n t e r e s t ,  many 
p h y s i c i a n s  deny ing  th e  e x i s t e n c e  o f  su ch  a  c o n d i t i o n ,  and 
f o r  n e a r l y  a  q u a r t e r  o f  a  c e n t u r y  no f u r t h e r  c a s e s  were 
r e p o r t e d .
O s ie r  i n  1891 r e c o r d e d  a  c a s e  i n  a f o u r  y e a r  o ld  
boy ,  a s s o c i a t e d  w i t h  p h i m o s i s ,  which was e v e n t u a l l y ,  a f t e r  
some months ,  t r e a t e d  by c i r c u m c i s i o n ,  no s p e c i f i c  t r e a t m e n t  
b e in g  known a t  t h i s  t im e .  Two y e a r s  | : a t e r  M on t i ,  who had 
f o r m e r l y  f a i l e d  to  r e c o g n i s e  th e  d i s e a s e  i n  c h i l d r e n ,  w ro te  
a  p a p e r  on " P y e l i t i s  i n  C h i ld h o o d " ,  r e f e r r i n g  to i t  a s  a  
c o m p l i c a t i o n  o f  " a l i m e n t a r y  c a t a r r h "  and o f  i n f e c t i o n  by 
" such  p a r a s i t e s  a s  e n h in o c o c c u s ,  s t r o n g y l u s  and g i g a s ,
3w hich  o f t e n  a f f l i c t  the  p e l v i s  o f  the  k id n e y  and cau se  
p y e l i t i s " .
The f o l l o w i n g  y e a r  E s c h e r i c h ' s  p a p e r  on " C o l i c y s t i t i s  
i n  I n f a n t s "  s t r e s s e d  the  r e l a t i o n s h i p  be tw een  g a s t r o i n t e s t i n a l  
and u r i n a r y  d i s o r d e r s .  I n  t h e  same y e a r  H o l t  r e p o r t e d  
t h r e e  t y p i c a l  c a s e s  and was the  f i r s t  to employ a l k a l i n e  
t h e r a p y .  One i s  n o t  s u r p r i s e d  .to r e a d  t h a t  t h e  c a s e s ,  which  
o c c u r r e d  i n  a  m a l a r i a l  d i s t r i c t ,  were f i r s t  t r e a t e d  by l a r g e  
d ose s  o f  q u i n i n e ,  which had no e f f e c t  i n  c o n t r o l l i n g  t h e  
p y r e x i a .
I n  1896 P i n k l e s t e i n  p u b l i s h e d  the  r e s u l t s  o f  e i g h t  
a u t o p s i e s  p e r fo rm ed  upon c h i l d r e n  who had d ie d  from u r i n a r y  
i n f e c t i o n s .  Trumpp, the  n e x t  y e a r ,  made a  s tu d y  o f  "Coly-  
c y s t i t i s  i n  Ch i ld ren"  showing t h a t  b a c i l l u r i a  f r e q u e n t l y  
o c c u r r e d  i n  g a s t r o e n t e r i t i s .  Pour  f u r t h e r  c a s e s  o f " p y e l i t i s "  
were d e s c r i b e d  by Baginsky i n  t h e  same y e a r .
I n  1902 Thomson r e a d  a  p a p e r  b e f o r e  th e  O b s t e t r i c a l  
S o c i e t y  o f  E d in b u rg h ,  g i v i n g  an  a c c o u n t  o f  e i g h t  c a s e s  o f  
1 p y e l i t i s " w h i c h  he had t r e a t e d  i n  baby g i r l s .  He was th e  
f i r s t  to  draw a t t e n t i o n  to t h e  s i g n i f i c a n c e  o f  a  r i g o r  i n  
th e  d i a g n o s i s  o f  t h i s  c o n d i t i o n ,  and made th e  s t a t e m e n t  t h a t  
he had n o t  been a b l e  " to  f i n d  a n  a cco u n t  o f  any c a se  i n  
which t h i s  symptom o c c u r r e d  i n  a  c h i l d  u n d e r  two y e a r s ,
4who had n o t  m a l a r i a ,  w i t h o u t  t h e r e  b e in g  p u s  i n  t h e  u r i n e " .
A f u r t h e r  c a s e  was d e s c r i b e d  a t  t h e  same m e e t in g  by B i t c h i e .
A f a t a l  c a s e  o f  anaem ia ,  s e c o n d a ry  to c h r o n i c  p y e l o ­
n e p h r i t i s  i n  a  c h i l d  of  a y e a r  o l d  was r e p o r t e d  i n  1907 by 
C a r p e n t e r ,  who p e r fo rm e d  th e  p o s t -m o r te m  e x a m in a t io n .  In  
the  same y e a r  A b t ’ s p a p e r  on " C y s t o p y e l i t i s "  was p u b l i s h e d  
and Knox d e s c r i b e d  a  c a s e  se co n d a ry  to  i l e o c o l i t i s .
U n t i l  t h i s  t ime th e  c o n d i t i o n  had b e en  r e g a r d e d  a s  
s u f f i c i e n t l y  r a r e  to  w a r r a n t  th e  p u b l i c a t i o n  o f  any  case  
which was d i a g n o s e d ,  bu t  i n  1908 G oeppar t  gave an a cc o u n t  
o f  n i n e t y - s e v e n  c a s e s ,  some o f  which had o c c u r r e d  a s  e a r l y  
a s  the  n e o n a t a l  p e r i o d .
Morse i n  1909 s t u d i e d  th e  p o s s i b l e  r o u t e s  o f  
i n f e c t i o n  and d e c id e d  t h a t  t h e  o rgan ism s  sometimes rea c h e d  
t h e  k id n e y s  th r o u g h  th e  b lo o d  s t r e a m  and sometimes t h ro u g h  
th e  u r e t h r a .  His was th e  f i r s t  s e r i e s  o f  c a s e s  which 
in c l u d e d  a l a r g e  number of  b o y s ,  i t  hav ing  p r e v i o u s l y  been 
c o n s id e r e d  t h a t  t h e  c o n d i t i o n  was p r a c t i c a l l y  l i m i t e d  to 
sm a l l  g i r l s .  He was a l s o  th e  f i r s t  t o  employ an  au to g e n o u s  
v a c c i n e  i n  t r e a t m e n t .
Two y e a r s  l a t e r  a  g r e a t  advance  was made by Beer 
(1911) who showed t h a t  i t  was p o s s i b l e  to p e r fo rm  c y s to sc o p y  
and u r e t e r a l  c a t h e t e r i s a t i o n  upon young c h i l d r e n .  This
5p r o c e d u r e  had been  c o n s i d e r e d  i m p o s s i b l e  b e f o r e ,  and even 
c a t h e t e r i s a t i o n  of  t h e  b l a d d e r  o f  i n f a n t s  had been  s e v e r e l y  
c r i t i c i s e d .  K re t s c h m e r ,  and Lowsley and B u t t e r f i e l d  r e p o r t e d  
f u r t h e r  c a s e s  i n  1916 which had been  i n v e s t i g a t e d  by t h e s e  
means. E x a m in a t io n  of  the  u r i n a r y  t r a c t  o f  young c h i l d r e n  
by i n t r a v e n o u s  p y e lo g r a p h y  was d e s c r i b e d  by K re tschm er  i n  
1927. These methods o f  i n v e s t i g a t i o n  a r e  now r o u t i n e  i n  
c a s e s  which p ro v e  r e s i s t a n t  to t r e a t m e n t ,  and s i n c e  t h e i r  
a d v e n t  many o f  th e  c h ro n ic  c a s e s ,  p r e v i o u s l y  c o n s i d e r e d  
i n c u r a b l e ,  have been  c u re d  o r  g r e a t l y  improved.
H ea le  i n  1931 r e p o r t e d  a  s e r i e s  o f  o v e r  a  hundred 
c a s e s  o f  u r i n a r y  i n f e c t i o n  i n  c h i l d r e n  and co n c lu d ed  t h a t  
th e  c o n d i t i o n  o c c u r r e d  more f r e q u e n t l y  th a n  had h i t h e r t o  
been  supposed ,  b u t  t h a t  t h e  c h i l d  was r a r e l y  a d m i t t e d
to h o s p i t a l  and o f t e n  g o t  b e t t e r  w i th o u t  t r e a t m e n t .  He 
a d v o ca te d  nephrectom y i n  u n i l a t e r a l  c h ro n ic  c a s e s .
S ince  1931 two new m ethods  o f  t r e a t m e n t  have been 
s u c c e s s f u l l y  employed.  Helmholz and C la rk  (1931) i n t r o d u c e d  
t h e  k e t o g e n i c  d i e t ,  a s  a  r e s u l t  o f  t h e i r  o b s e r v a t i o n s  upon 
e p i l e p t i c  c h i l d r e n .  M ande l ic  a c i d  t h e r a p y  was s u b s t i t u t e d  
f o r  t h i s  i n  1935 by Rosenheim, a t  f i r s t  b e in g  u se d  o n ly  i n  
a d u l t s  s u f f e r i n g  from p y u r i a ,  b u t  l a t e r  b e in g  found to g iv e  
e q u a l l y  good r e s u l t s  i n  c h i l d r e n .
6As a  r e s u l t  o f  the  i n c r e a s e d  knowledge on t h e  s u b j e c t ,  
and th e  b e t t e r  f a c i l i t i e s  now a v a i l a b l e  f o r  d i a g n o s i s ,  c a s e s  
o f  p y e l o n e p h r i t i s  i n  c h i l d r e n  a r e  more r e a d i l y  r e c o g n i s e d .  
T rea tm en t  i s  c o n s e q u e n t l y  begun e a r l i e r  t h a n  f o r m e r l y  and 
i s  more l i k e l y  to  be s u c c e s s f u l  i n  th e  a c u t e  c a s e ,  w h i l e  the  
p r o g n o s i s  i s  improved i n  the  c h r o n i c  and r e c u r r e n t  c a s e s .
A f u r t h e r  s t u d y  o f  th e  c o n d i t i o n  i s  however s t i l l  n e c e s s a r y .
CRITERIA OP IBEECTIOU
The number o f  pus  c e l l s  p r e s e n t  i n  th e  u r i n e  d u r in g  
i n f e c t i o n  o f  t h e  u r i n a r y  t r a c t  shows c o n s i d e r a b l e  v a r i a t i o n .  
Thomson (1910) who has  made an e x t e n s i v e  s tu d y  o f  the  
c o n d i t i o n  s t a t e s  t h a t  i n  " p y e l i t i s "  o f  c h i l d r e n  one o r  more 
pus  c e l l s  p e r  h i g h  power f i e l d  o f  the  m ic ro s c o p e ,  i n  an 
u n c e n t r i f u g e d  u r i n e ,  i s  s u f f i c i e n t  ev id en ce  o f  i n f e c t i o n  
upon which to make a  d i a g n o s i s .  G r i f f i t h s  and M i t c h e l l  (193.7) 
however c o n s i d e r  t h a t  a  h e a l t h y  boy may e x c r e t e  a s  many a s  
s i x  l e u c o c y t e s  p e r  h i g h  power f i e l d ,  and a  g i r l  doub le  t h i s  
number. P a r so n s  and B a r l i n g  (1933) a r e  o f  th e  o p in io n  t h a t  
more th a n  s i x  w h i t e  c e l l s  p e r  h ig h  power f i e l d  i s  abnorm al.  
S t i l l  (1927) has n o t e d  t h a t  t h e  u r i n e  o f  a  c h i l d  s u f f e r i n g
7from " p y e l i t i s "  c o n t a i n s  on an  a v e r a g e  s i x  to t h i r t y  pus  
c e l l s  p e r  h i g h  power f i e l d .
~From t h e  above s t a t e m e n t s  i t  i s  seen  t h a t  c o n s i d e r a b l e  
d i v e r s i t y  o f  o p i n io n  e x i s t s  a s  to th e  number o f  l e u c o c y t e s  
p r e s e n t  i n  th e  u r i n e  o f  c h i l d r e n  i n  h e a l t h  and d i s e a s e .
A group  o f  310 c h i l d r e n  was t h e r e f o r e  s t u d i e d ,  among whom 
43 were a d m i t t e d  to h o s p i t a l  w i t h  p y u r i a ,  o r  dev e lo ped  i t  
w h i l e  i n  h o s p i t a l ,  i n  o r d e r  to d e te rm in e  th e  v a r i a t i o n  o f  
th e  u r i n a r y  c o n s t i t u e n t s ,  i n  th e  p r e s e n c e  and ab sen c e  o f  
u r i n a r y  i n f e c t i o n .
Technique
On a d m is s io n  o f  the  c h i l d r e n  to  h o s p i t a l ,  and a t  
weekly  i n t e r v a l s ,  a specimen o f  u r i n e  was o b t a i n e d  f o r  
e x a m in a t io n .  I n  boys t h e  g l a n s  p e n i s  was c l e a n e d  w i t h  %f0 
d e t t o l ,  fo l lo w e d  by normal  s a l i n e  and th e  u r i n e  c o l l e c t e d  
i n  a  s t e r i l e  r e c e i v e r .  I n  th e  c a s e  o f  v e ry  young i n f a n t s  
a  s t e r i l e  t e s t  tu be  was s t r a p p e d  to  the  p e n i s ,  a f t e r  
c l e a n s i n g  i n  th e  u s u a l  manner.  The specimen was o b t a i n e d  
from g i r l s  by swabbing th e  e x t e r n a l  g e n i t a l s  i n  t h e  same 
way, b u t  i f  pus  c e l l s  were found on e x a m in a t io n  o f  th e  u r i n e  
a  c a t h e t e r  specimen was t a k e n  to conf i rm  t h e i r  p r e s e n c e  and 
f o r  c u l t u r a l  p u r p o s e s .
8The u s u a l  l a b o r a t o r y  t e s t s  were employed to d e te rm in e  
th e  r e a c t i o n  o f  t h e  u r i n e  and th e  p r e s e n c e  of  abnormal 
c o n s t i t u e n t s .  The s u l p h o s a l i c y l i c  a c i d  method was u sed  
when t e s t i n g  f o r  th e  p r e s e n c e  o f  a lbumen,  p a r t l y  b e c a u se  i t  
was c o n s i d e r e d  a  more a c c u r a t e  method th a n  b o i l i n g ,  and 
p a r t l y  b e ca u se  t h e  amount o f  u r i n e  o b t a i n e d  from young 
c h i l d r e n  was o f t e n  v e r y  s m a l l .  The specimen was w e l l  shaken ,  
so a s  to  mix th e  c o n t e n t s  t h o r o u g h ly  and was examined m ic r o ­
s c o p i c a l l y  f o r  p u s  c e l l s ,  which  i f  p r e s e n t  were  coun ted  p e r  
h ig h  power f i e l d ,  a t  l e a s t  tw e lve  f i e l d s  b e in g  co u n te d  and 
the  a v e r a g e  t a k e n .  The c e n t r i f u g e d  d e p o s i t  was t h e n  
examined u n d e r  th e  m ic r o s c o p e ,  the  p r e s e n c e  o f  p us  and 
e p i t h e l i a l  c e l l s ,  r e d  b lo o d  c o r p u s c l e s ,  c a s t s ,  o rgan ism s  and 
c r y s t a l s  b e in g  n o t e d .  Where d e f i n i t e  u r i n a r y  i n f e c t i o n  was 
p r e s e n t  a  s t a i n e d  f i l m  was examined f o r  t u b e r c l e  b a c i l l i  by 
Z i e h l - N e e l s e n ' s  method,  and i n  c a s e s  which were  r e s i s t a n t  
to t r e a t m e n t ,  a  c u l t u r e  was made to ex c lu d e  th e  p r e s e n c e  o f  
t h i s  o rgan ism .  F i n a l l y  a MacConkey p l a t e  was i n o c u l a t e d  
and i f  t h e r e  was a  q u e s t i o n  o f  o rgan ism s  o t h e r  th a n  c o l i f o r m  
b a c i l l i  b e in g  p r e s e n t  a  c u l t u r e  was a l s o  made on a  b lo od  
a g a r  p l a t e .  The p l a t e s  were i n c u b a te d ,  and i n s p e c t e d  tw en ty -  
f o u r  and f o r t y - e i g h t  hours  a f t e r  i n o c u l a t i o n .  C u l t u r e s  were
9n o t  r e p e a t e d  i n  su b s e q u e n t  e x a m in a t io n s  u n l e s s  t h e r e  was 
some i n d i c a t i o n  f o r  do in g  so.
The u r i n e  o f  e v e ry  c h i l d  a d m i t t e d  to  h o s p i t a l  o v e r  a 
p e r i o d  o f  s i x  months was examined by th e  methods d e s c r i b e d ,  
1100 specimens b e in g  i n v e s t i g a t e d .  An e x a m in a t io n  o f  900 
specimens from c h i l d r e n  f r e e  f rom u r i n a r y  i n f e c t i o n  was made, 
and t h e  f o l l o w i n g  f a c t s  were  n o te d
( a )  R e a c t i o n  -  t h i s  was u s u a l l y  found to be a c i d ,  th e  pH. 
r a n g i n g  be tw een  5 . 4  and 6 .0 .
(b)  D e p o s i t  -  The " b r i c k - d u s t "  d e p o s i t  o f  u r a t e s  was u s u a l l y  
p r e s e n t  i n  f e b r i l e  c o n d i t i o n s .  White u r a t e s  were l e s s  
common and p h o s p h a t e s  were r a r e l y  seen .
(c )  Albumen. -  A t r a c e  o f  albumen was f r e q u e n t l y  p r e s e n t  
d u r in g  f e v e r ,  e s p e c i a l l y  i n  pneumonia.  I n  s e v e r e  g a s t r o ­
e n t e r i t i s  a  l a r g e r  amount o f  a lbumen was u s u a l l y  found .
(d)  A ce tone  b o d i e s .  -  These were found d u r in g  a f e b r i l e  
i l l n e s s ,  a f t e r  a n a e s t h e t i c s  and d u r in g  g a s t r o i n t e s t i n a l  
u p s e t s .
M ic r o s c o p i c a l  ex am in a t io n  o f  the  shaken-up  specimen 
and t h e  c e n t r i f u g e d  d e p o s i t  was made w i t h  t h e  f o l lo w in g  
r e s u l t s
( e )  L e u c o c y te s .  -  I n  u r i n e  c o l l e c t e d  u n d e r  i d e a l  c o n d i t i o n s  
l e u c o c y t e s  were s c a n t y .  Among t h e  boys  examined the
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co u n t  W3.s a lm o s t  i n v a r i a b l y  l e s s  t h a n  one c e l l  p e r  h ig h  
power f i e l d ,  t e n  to tw en ty  f i e l d s  b e in g  c o u n te d ,  and i n  
many c a s e s  c e l l s  were  e n t i r e l y  a b s e n t ,  i n  specim ens  
from g i r l s  a  few c e l l s  were u s u a l l y  found ,  a  c o u n t  of  
one or  two p e r  h ig h  power f i e l d  b e in g  a  normal  f i n d i n g  
i n  n o n - c a t h e t e r  sp e c im ens .  Where u r i n e  was o b t a i n e d  by 
c a t h e t e r i s a t i o n  th e  same low coun t  a s  f o r  boys was 
found to  o c c u r .
( f )  Red b lo o d  c o r p u s c l e s .  -  A few r e d  b lo od  c o r p u s c l e s  were 
commonly found  upon m i c r o s c o p i c a l  e x a m in a t io n  d u r i n g  a 
f e b r i l e  i l l n e s s .  They were  ab un d an t  i n  th e  specimens 
from t h r e e  c a s e s  o f  a c u t e  f o c a l  n e p h r i t i s .  A p a r t  from 
t h e s e  c o n d i t i o n s  t h e y  were  r a r e l y  o b se rv e d .
(g)  E p i t h e l i a l  c e l l s .  -  A few e p i t h e l i a l  c e l l s  from v a r i o u s  
p a r t s  o f  th e  u r i n a r y  t r a c t  were  u s u a l l y  s e en  i f  a  l a r g e  
enough number o f  f i e l d s  were i n s p e c t e d .
(h)  C a s t s .  -  I n  specim ens  from c h i l d r e n  w i t h  a  s e v e r e  i l l n e s s ,  
e s p e c i a l l y  i n  pneumonia and e n t e r i t i s  a  few g r a n u l a r
tube  c a s t s  cou ld  u s u a l l y  be found ,  b u t  were ne v e r  p r e s e n t  
i n  l a r g e  numbers .
( i )  C r y s t a l s .  -  On m i c r o s c o p i c a l  e x a m in a t io n  o f  th e  c e n t r i ­
fuged  d e p o s i t  c r y s t a l s  o f  c a lc iu m  o x a l a t e  were found
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w i t h  g r e a t  f r e q u e n c y ,  e s p e c i a l l y  i n  c h i l d r e n  who were 
r e c o v e r i n g  from t h e i r  i l l n e s s .  As a l r e a d y  s t a t e d  u r a t e s  
were  f r e q u e n t l y  p r e s e n t  d u r i n g  f e v e r .  The p r e s e n c e  o f  
p h o s p h a t e s  was n o t  o f t e n  n o t e d .
( j )  Organisms.  -  U r in e  c o l l e c t e d  u n d e r  a s e p t i c  c o n d i t i o n s  
was u s u a l l y  s t e r i l e ,  th o u gh  a  s c a n t y  g ro w th  of  s t a p h y ­
lo c o c c u s  a l b u s  was a  common f i n d i n g  i n  p h i m o s i s ,  and o f  
o o l i f o r m  b a c i l l i  i n  u r i n e  o f  g i r l s  where a  c a t h e t e r  
specimen was n o t  employed. A heavy g row th  o f  B .C o l i  
was o b t a i n e d  i n  s e v e r a l  c a s e s  o f  g a s t r o e n t e r i t i s .
Two hundred  sp ec im ens  o f  u r i n e  from c h i l d r e n  who were 
s u f f e r i n g  from u r i n a r y  i n f e c t i o n  due to B .C o l i  were examined, 
th e  f i n d i n g s  b e in g  a s  f o l l o w s  : -
( a )  R e a c t i o n .  -  A s t r o n g l y  a c i d  r e a c t i o n  was a lw ays  n o t e d  
i n  u n t r e a t e d  c a s e s ,  which became more a c i d  on s t a n d in g .
(b)  A ppearance .  -  The specimen o b t a i n e d  was o f t e n  o p a l e s c e n t  
o r  t u r b i d ,  b u t  i n  some c a s e s  was q u i t e  normal  i n  
a p p e a ra n c e .
(c )  Odour. -  A c h a r a c t e r i s t i c  f i s h y  odour was sometimes 
n o t e d ,  which  was n o t  ob se rv ed  i n  any o t h e r  c o n d i t i o n .
(d)  D e p o s i t .  -  A d e p o s i t  o f  pus was o c c a s i o n a l l y  p r e s e n t  
a f t e r  s t a n d i n g ,  b u t  i n  many c a s e s  t h e  amount o f  pus  was 
too  sm a l l  to  be o b se rv ed  w i t h o u t  the  a i d  o f  th e  m ic ro -
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sco pe .  U r a t e s  and pus  c e l l s  were n e v e r  found  i n  the  
same sp e c im ens .  A d e p o s i t  o f  mucus was f r e q u e n t ly -  
seen .
(0 )  Albumen. -  A t r a c e  o f  a lbumen was a  f r e q u e n t  f i n d i n g ,  
b u t  was by no means an  i n v a r i a b l e  one .  A lb u m in u r ia  
was more marked i n  some o f  th e  s e v e r e r  c a s e s  p a r t i c u l a r l y  
t h o s e  f o l l o w i n g  g a s t r o e n t e r i t i s .
( f )  Blood. -  I n  two spec im ens  b lo o d  was found  to  be p r e s e n t  
by l a b o r a t o r y  t e s t s .  On m i c r o s c o p i c a l  e x a m in a t io n  a  few 
r e d  b lo o d  c o r p u s c l e s  cou ld  u s u a l l y  be found i n  a c u t e  
c a s e s .  I n  t h r e e  a c u t e  c a s e s  a  l a r g e  number were p r e s e n t .
(g)  L e u c o c y te s .  -  Pus c e l l s  were a lw ays  found a t  some s t a g e  
o f  th e  i l l n e s s ,  b u t  v a r i e d  i n  number and i n  t h e i r  t ime 
o f  a p p e a ra n c e .  E a r l y  i n  the  d i s e a s e  t h e y  were o f t e n  
s c a n t y  o r  a b s e n t  and a p p e a re d  i n  l a r g e  numbers a s  the  
t e m p e r a tu re  f e l l .  (C h a r t  II. ) .  The number o f  c e l l s  
v a r i e d  from one to  two, to  a  hundred or  more p e r  h ig h  
power f i e l d ,  t h e  a v e ra g e  number i n  s i x t e e n  a c u t e  c a s e s  
b e in g  tw e n ty - tw o .  Clumping t o g e t h e r  o f  t e n  o r  more c e l l s  
was sometimes a  c h a r a c t e r i s t i c  f e a t u r e .
(h)  E p i t h e l i a l  c e l l s .  -  A number of  e p i t h e l i a l  c e l l s  from 
v a r i o u s  p a r t s  o f  the  u r i n a r y  t r a c t  were  u s u a l l y  n o t e d ,
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w hich  a p p e a re d  to  i n c r e a s e  i n  number a s  t h e  c o n d i t i o n  
im proved .  A l a r g e  amount o f  e p i t h e l i a l  d e b r i s  was a 
common f i n d i n g  a f t e r  t h e  a c u t e  s t a g e  o f  th e  i l l n e s s  
was o v e r .
( i )  C a s t s .  -  A few g r a n u l a r  tu be  c a s t s  were found i n  th e  
s e v e r e r  c a s e s ,  b u t  were n e v e r  numerous and were a b s e n t  
i n  th e  m a j o r i t y  o f  c a s e s .
( j )  Organisms.  -  C o l i fo rm  b a c i l l i  i n  l a r g e  numbers  cou ld  
a lm o s t  a lw ays  be s e en  m i c r o s c o p i c a l l y  b e f o r e  c u l t u r e s  
had been  made.
(k)  C r y s t a l s .  -  Pus c e l l s  were sometimes s e e n , t o g e t h e r  w i t h  
c a lc iu m  o x a l a t e  c r y s t a l s ,  and o c c a s i o n a l l y  w i t h  p h o s p h a te s  
o r  u r i c  a c i d .
These o b s e r v a t i o n s  have l e d  me to b e l i e v e  t h a t
1 .  The u r i n e  o f  c h i l d r e n  who a r e  n o t  s u f f e r i n g  from
i n f e c t i o n  o f  t h e  u r i n a r y  t r a c t  does n o t  c o n t a i n  more than  two 
l e u c o c y t e s  p e r  h i g h  power f i e l d ,  i f  c o l l e c t e d  u n d e r  a s e p t i c  
c o n d i t i o n s ,  th e  cou n t  b e in g  th e  same f o r  th e  two sex es .
2 .  The f i n d i n g  o f  a s  few a s  two pus c e l l s  p e r  h ig h  power
f i e l d  when a s s o c i a t e d  w i t h  o t h e r  symptoms o f  th e  d i s e a s e  and
a  growth  o f  o rgan ism s on c u l t u r e  i s  c o n s i s t e n t  w i th  a  d i a g n o s i s  
o f  i n f e c t i o n  of  some p a r t  o f  the  u r i n a r y  t r a c t .
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B a c t e r i o l o g y
The g r e a t  m a j o r i t y  o f  c a s e s  o f  p y e l o n e p h r i t i s  i n  
c h i l d r e n  a r e  due to i n f e c t i o n  o f  t h e  k i d n e y  by t h e  b a c i l l u s  
c o l i  communis.
Among th e  f o r t y  t h r e e  c h i l d r e n  u n d e r  t r e a t m e n t  f o r  
u r i n a r y  i n f e c t i o n  t h i s  o rg an ism  was p r e s e n t  i n  f o r t y - t w o  
c a s e s .  I n  t h e  r e m a in in g  o n e ,  a  f a t a l  c a s e  o f  a s c e n d i n g  
p u r u l e n t  p y e l o n e p h r i t i s ,  f o l l o w i n g  c i r c u m c i s i o n ,  a  b a c t e r i o ­
l o g i c a l  e x a m in a t io n  was u n f o r t u n a t e l y  n o t  made, b u t  i t  i s  
p r o b a b l e  t h a t  t h i s  i s o l a t e d  c a s e  was due t o  s t a p h y l o c o c c a l  
o r  s t r e p t o c o c c a l  i n f e c t i o n  a s  th e  symptoms were o f  g r e a t e r  
i n t e n s i t y  and th e  l e s i o n s  more w id e sp re a d  th a n  i n  any o f  th e  
c a s e s  where the  i n f e c t i n g  o rgan ism  was th e  c o l i f o r m  b a c i l l u s .  
This  c a se  has  been  r e f e r r e d  to i n  g r e a t e r  d e t a i l  i n  a  l a t e r  
s e c t i o n .
O b s e r v a t io n s  by K re tsch m er  (1927) and White (1933) 
have shewn t h a t  t u b e r c u l o s i s  o f  th e  k id n e y  i s  more f r e q u e n t l y  
the  cause  o f  c h ro n ic  p y u r i a  t h a n  had h i t h e r t o  been  supposed .  
S o u t in e  e x a m in a t io n  o f  th e  u r i n e  f o r  t u b e r c l e  b a c i l l i ,  and 
i t s  c u l t u r e  i n  r e s i s t a n t  c a s e s  f a i l e d  to r e v e a l  t h e  p r e s e n c e  
o f  t h i s  o rgan ism  i n  th e  u r i n e  of  any o f  th e  c h i l d r e n  u n d e r  
o b s e r v a t i o n .
I n  th e  c a s e s  o f  u r i n a r y  i n f e c t i o n  o c c u r r i n g  i n  th e
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n e o n a t a l  p e r i o d ,  b a c i l l u s  c o l i  i s  n o t  found  so c o n s t a n t l y .  
Graham (1925) i n  a  s tu d y  o f  s i x  c a s e s  found t h e  i n f e c t i n g  
o rgan ism  to be s t a p h y lo c o c c u s  a u r e u s ,  s t r e p t o c o c c u s  and 
b a c i l l u s  c o l i  tw ic e  each .  C ra ig  (1935) found t h a t  b a c i l l u s  
c o l i  was p r e s e n t  i n  t h e  m a j o r i t y  o f  c a s e s  b u t  i n  seven  o f  
t h e s e  a n o t h e r  o rgan ism  was a l s o  p r e s e n t .  I n  a  s e r i e s  o f  
s i x  i n f a n t s  who were found to have i n f e c t i o n  o f  th e  u r i n e  
d u r in g  th e  f i r s t  few days  o f  l i f e ,  s t a p h y lo c o c c u s  a u re u s  
was i s o l a t e d  t h r e e  t im e s  and b a c i l l u s  c o l i  i n  t h e  r em a in in g  
t h r e e  c a s e s .
With t h e  e x c e p t i o n  o f  t h e s e  n e o n a t a l  c a s e s  the  
symptoms and u r i n a r y  f i n d i n g s  which  a r e  d e s c r i b e d  i n  t h i s  
p a p e r  r e f e r  o n ly  to c a s e s  o f  b a c i l l u s  c o l i  i n f e c t i o n  o f  
th e  u r i n e .
INCIDENCE OF URINARY INFECTION
A s tu d y  was made of  310 c h i l d r e n ,  a d m i t t e d  to  h o s p i t a l  
w i t h  a  v a r i e t y  of  c o n d i t i o n s ,  i n  o r d e r  to a s c e r t a i n
1. The a b s o l u t e  i n c i d e n c e  o f  u r i n a r y  i n f e c t i o n  among them.
2. I t s  o c c u r r e n c e  i n  t h e  v a r i o u s  age g rou p s .
3. I t s  d i s t r i b u t i o n  between t h e  se x e s .
4 .  I t s  i n c i d e n c e  a s  a c o m p l i c a t i o n  o f  o t h e r  d i s e a s e s .
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The t e r n  " p r im a ry  i n f e c t i o n "  i s  u s e d  to  d e f i n e  th o se  
c a s e s  i n  which  t h e  symptoms d e v e lo p ed  s p o n ta n e o u s ly  i n  
c h i l d r e n  who were a p p a r e n t l y  i n  good h e a l t h  b e f o r e  t h e i r  
o n s e t .  The te rm  " se c o n d a ry  i n f e c t i o n "  i n d i c a t e s  t h a t  th e  
c o n d i t i o n  d e v e lo p e d  d u r i n g  th e  c o u r s e  o f  a n o t h e r  d i s e a s e .
Of t h e  310 c h i l d r e n  u n d e r  o b s e r v a t i o n ,  150 were  boys 
and 160 g i r l s ,  t h e  a g e s  v a r y i n g  from f o u r  days  to  f o u r t e e n  
y e a r s .
TABLE I .
I n c i d e n c e  o f  u r i n a r y  i n f e c t i o n  i n  310 c a s e s
Cases
under
Obser­
v a t io n
T o ta l  No. 
o f  Cases 
o f  U rinary  
In fe c t  i o n .
P e ro en t-  
age o f  
adm issions 
t o  h o s p i t a l
PRIMARY
CASES
P e rc e n t ­
age o f  
adm is­
s io n s .
SECONDARY
CASES
Barcen t - 
age o f  
admis­
s io n s .
T o t a l 310 43 13 .8 20 6 .4 23 7 .4
B oys 150 8 2 .5 2 0.65 6 1.9
G i r l s 160 35 11.3 18 5.8 17 5.4
I n  Table  I  a r e  s e t  o u t  th e  f i g u r e s  showing the  
i n c i d e n c e  o f  i n f e c t i o n  o f  the  u r i n a r y  t r a c t  i n  310 c h i l d r e n ,  
a d m i t t e d  to  h o s p i t a l  o v e r  a  p e r i o d  o f  s i x  months .  Among a
17
t o t a l  o f  43 c a s e s  o f  u r i n a r y  i n f e c t i o n  ( 1 3 .8 $  o f  a l l  
a d m i s s i o n s ) ,  20 ( 6 .4 $ )  were  p r i m a r y ,  and 23 ( 7 .4 $ )  were 
se co n d a ry  to a n o t h e r  c o n d i t i o n .  6 .4 $  i s  a  h ig h  f i g u r e  a s  
compared w i t h  t h e  f i n d i n g s  of  o t h e r s ,  h u t  may he a c c o u n te d  
f o r  hy t h e  f a c t  t h a t  th e  h o s p i t a l  i n  q u e s t i o n  i s  a h l e  to 
accommodate a  number o f  c h i l d r e n  who would n o t  he c o n s i d e r e d  
i l l  enough f o r  a d m is s io n  to  t h e  a v e ra g e  h o s p i t a l ,  and  who 
would n o r m a l ly  he t r e a t e d  i n  th e  o u t - p a t i e n t  d e p a r tm e n t ,  
where a  m i ld  i n f e c t i o n  m ig h t  he o v e r lo o k e d .
Of t h e  43 c a s e s  o f  u r i n a r y  i n f e c t i o n  u n d e r  t r e a t m e n t  
8 ( 2 .5 $  o f  a l l  a d m i s s io n s )  were hoys and 35 (1 1 .3 $ )  were 
g i r l s .  A s t u d y  of  Tahle  I  shows t h a t  o f  th e  20 p r im a r y  
c a s e s  2 (0 .6 5 $ )  were  hoys and 18 ( 5 .8 $ )  were g i r l s .  Among 
th e  23 se co n da ry  c a s e s  t h e r e  were 6 (1 .9 $ )  i n  hoys  and 
17 (5 .4 $ )  i n  g i r l s .  These f i g u r e s  a r e  i n d i c a t e d  i n  T a h l e ,8.1.
Tahle  2
I n c id e n c e  o f  u r i n a r y  i n f e c t i o n  among hoys 
and g i r l s  o f  th e  s e r i e s .
Gases o f  
u r i  n a ry  
i n f e c t i o n
P e r c e n t ­
age f o r  
Sexes  J
PRIMARY
Gases
P e r c e n t ­
age  f o r  
Sexes
SECONDARY
Gases
P e r c e n t ­
age  f o r  
Sexes
T o ta l 43
-
20 23
Boys 8 _ 1 8 .6 2 10 6 26
G i r l s 35 8 1 .4 18 90 17 74
18
I t  w i l l  be s e en  f rom  a s tu d y  o f  t h e  f i g u r e s  i n  
Table  2 t h a t  u r i n a r y  i n f e c t i o n  was more t h a n  f o u r  t im e s  a s  
f r e q u e n t  i n  t h e  g i r l s  t h a n  t h e  boys o f  t h e  s e r i e s .  A 
g r e a t e r  p rep o n d e ran c e  among t h e  g i r l s  i s  found i n  th e  p r im a ry  
g ro u p ,  t h e  c a s e s  o c c u r r i n g  i n  a p r o p o r t i o n  o f  n i n e  to  o n e .
I n  t h e  se co n d a ry  g roup ,  a l t h o u g h  t h e  g i r l s  a r e  s t i l l  i n  t h e  
m a j o r i t y  th e  d i f f e r e n c e  i s  l e s s  m arked ,  t h e  p r o p o r t i o n  b e in g  
t h r e e  to  o n e .
Table  5
I n c i d e n c e  o f  u r i n a r y  I n f e c t i o n  a t  d i f f e r e n t
ages
AGE 
GROUP 
(Years 'I
T o ta l  Cases 
fo r  each 
Group under 
o h se rv a t  ion
U rinary  
In fe c t  ion  
T o ta l  No.
Percent -  
sge fo r  
Group
PRIMARY
CASES
P e rc e n t ­
age fo r  
Group
SECONDARY
CASES
Percent -  
age fo r  
Group
Under
1 49 9 18.3 3 6 .1 6 1AJB
IX-%
1 - 3 82 9 10.8 3 3 .6 6 V&X
7-2.
3 - 5 79 11 13.9 5 6.3 6 X  JK
7-tr
5 - 1 0 78 11 14.0 8 10.2 3 14- JS 
3-8
10 -  14 22 3 13.5 1 4 .5 2
+ 0
T o ta l 310 43 20 23
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Table  3 shows th e  i n c i d e n c e  o f  i n f e c t i o n  o f  the  
u r i n a r y  t r a c t  a t  d i f f e r e n t  a g e s ,  t h e  c a s e s  b e i n g  d i v i d e d  
i n t o  f i v e  g ro u p s  a c c o r d i n g  to  t h e  a g e  o f  th e  c h i l d .  A 
s tu d y  o f  t h e s e  f i g u r e s  shows t h a t  t h e  l a r g e s t  number o f  
a c t u a l  c a s e s  o c c u r r e d  be tw een  th e  a g e s  o f  t h r e e  and t e n  
y e a r s .  When the  number o f  c h i l d r e n  u n d e r  o b s e r v a t i o n  i n  
each  group  i s  t a k e n  i n t o  c o n s i d e r a t i o n  however ,  th e  
i n c i d e n c e  of  i n f e c t i o n  i s  found to be h i g h e s t  i n  t h e  group 
o f  c h i l d r e n  below one y e a r ,  b e i n g  1 8 . 3 $ ,  and  l o w e s t  i n  the  
1 -3  y e a r  g ro u p ,  b e in g  1 0 .8 $ .
The i n c i d e n c e  o f  p r im a ry  i n f e c t i o n s  i s  h i g h e s t  i n  
th e  5 -10  y e a r  g ro u p ,  b e in g  6 . 1 $ ,  and lo w e s t  i n  t h e  1 -3  y e a r  
g ro u p ,  b e in g  3 .6 $ .
The h i g h  i n c i d e n c e  o f  c a s e s  i n  t h e  group  o f  c h i l d r e n  
u n d e r  one y e a r  i s  due to t h e  number o f  s e co nd a ry  c a s e s ,  o f  
which s i x  (1 2 .2 $ )  o c c u r r e d .  I n  Table  4 a r e  t a b u l a t e d  t h e  
a c t u a l  number o f  c a s e s  i n  each  g r o u p ,  and t h e  a b s o l u t e  
i n c i d e n c e ,  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  th e  t o t a l  number 
o f  c h i l d r e n  i n  each  g roup .
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Table 4
Caju
2 o
IS
m
!(,
Hi­
ll . V
10
Y
/ \
/ \
(o
\
1
1
fk e
-i 1-3 3 - r s-*> 10-ltf
A c tu a l  number o f  c a s e s  i n  each  age  g roup .
Percen tage o f  cases  in  each group
I n  Table 5 a r e  s e t  o u t  t h e  d i s e a s e s  to which  p y u r i a  
was secondary  and th e  number of  c a s e s  o f  u r i n a r y  i n f e c t i o n  
which o c c u r r e d  i n  each  c o n d i t i o n .  A s tu dy  o f  t h e s e  f i g u r e s  
shows t h a t  th e  l a r g e s t  number o f  c a s e s  o f  seconhry  i n f e c t i o n  
f o l lo w e d  g a s t r o i n t e s t i n a l  d i s o r d e r s ,  a  t h i r d  o f  th e  t o t a l  
number o f  c a s e s  o c c u r r i n g  i n  t h i s  c o n d i t i o n .  This  w i l l  be 
d i s c u s s e d  i n  d e t a i l  i n  a  l a t e r  s e c t i o n .
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Table  5
I n c i d e n c e  o f  u r i n a r y  i n f e c t i o n  i n  v a r i o u s  
di  s e a s e s
DISEASE
Number 
o f  Gases P e r c e n t a g e
G a s t r o i n t e s t i n a l
d i s o r d e r s 8 34.7
D i s e a s e s  o f  t h e  E a r ,  
Nose and T hroa t 4 1 7 .4
S k in  d i s e a s e s 4 1 7 .4
Rheumatic  c o n d i t i o n s 3 1 3 .0
L o ca l  c o n d i t i o n s 3 1 3 .0
G en e ra l  D e b i l i t y 1 4 .3
Route o f  I n f e c t i o n
The work o f  f o rm e r  o b s e r v e r s  h a s  s u g g e s t e d  t h a t  
t h e r e  a r e  f o u r  p o s s i b l e  r o u t e s  th ro u g h  which i n f e c t i o n  of  
t h e  u r i n a r y  t r a c t  may o c c u r .  These a r e  a s  f o l lo w s
1.  Ascending  th ro u g h  t h e  l y m p h a t i c s .
(Ascending  ly m p h a t ic )
2. Through th e  b lood  s t r e a m .  ( Haematogenous)
3. Prom th e  i n t e s t i n e .  ( T r a n s p a r i e t a l )
4. A scending  th r o u g h  t h e  u r i n a r y  p a s s a g e s .  
(Ascending  d i r e c t )
22
P r e v i o u s  Work
E x p e r im e n t s  by B l a n d i n i  (1909) and Walker (1922) 
s u g g e s t  t h a t  t h e  i n f e c t i o n  may r e a c h  t h e  k i d n e y s  from th e  
u r e t h r a  or  e x t e r n a l  g e n i t a l s  by t h e  l y m p h a t i c s .  They have 
shewn t h a t  f r e e  in te r c o m m u n ic a t io n  e x i s t s  be tw een  t h e  
l y m p h a t i c s  of  th e  p o s t e r i o r  u r e t h r a ,  b l a d d e r  and ly m p h a t ic  
p l e x u s  i n  t h e  p e r i - u r e t h r a l  s h e a t h .  They have f u r t h e r  
shewn t h a t  t h e  l y m p h a t i c s  o f  t h e  u p p e r  end o f  t h e  u r e t e r  
communicate w i t h  t h o s e  o f  th e  s u b c a p s u l a r  p l e x u s  o f  t h e  
k i d n e y ,  which  i n  i t s  t u r n  i s  c o n n e c te d  w i t h  t h e  ly m p h a t i c s  
i n  t h e  k i d n e y  s u b s t a n c e .  B l a n d i n i * s  e x p e r im e n t s  shewed 
t h a t  B. P r o d i g i o s u s ,  p l a c e d  i n  t h e  p o s t e r i o r  u r e t h r a  o f  a 
g u in e a  p i g  cou ld  be r e c o v e r e d  from th e  u p p e r  end o f  the  
u r e t e r  and k id n e y  s u b s ta n c e  i n  twelve  h o u r s .  Walker 
con f i rm ed  t h i s ,  and by u s i n g  c e r t a i n  dyes was a b l e  to  show 
t h a t  t h e s e  were c a r r i e d  to t h e  u p p e r  end o f  th e  u r e t e r  by 
th e  p e r i u t e t e r a l  l y m p h a t i c s .  He was a l s o  a b le  to  d e m o n s t ra te  
the  c l o s e  c o n n e c t i o n  w h ich  e x i s t s  be tw een  t h e  l y m p h a t i c s  o f  
th e  g e n i t a l  o rg an s  and th o s e  o f  th e  u r i n a r y  t r a c t .
In  s u p p o r t  of  th e  haematogenous r o u t e  o f  i n f e c t i o n  a r e  
th e  f i n d i n g s  o f  E s c h e r i c h  (1894) and P i n k l e s t e i n  (1896) who 
found o rgan ism s  in  t h e  b loo d  s t r e a m  o f  c h i l d r e n  s u f f e r i n g  
from g a s t r o e n t e r i t i s ,  and i n  t h e i r  o rg a n s  a f t e r  d e a th .
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K ovalesky  and Moro (1901) r e p o r t e d  two f a t a l  c a s e s  o f  
B. O o l i  s e p t i c a e m i a  i n  i n f a n t s ,  accompanied  by pus  i n  th e  
u r i n e .  L ep pe r  (1921) shewed t h a t  o rg a n i s m s  i n j e c t e d  i n t o  
th e  b lo od  s t r e a m  would i n f e c t  a  k i d n e y  a l r e a d y  damaged by 
s t a s i s .  Chown (1927) and W ilson  and S c h l o s s  (1929) have 
found  t h a t  i n  f a t a l  c a s e s  th e  l e s i o n  p r e s e n t  i s  a  s u p p u r a t i v e  
p y e l o n e p h r i t i s .  Helmholz (1929) shewed t h a t  a l t h o u g h  
i n f e c t i o n  o f  th e  k i d n e y  was d i f f i c u l t  to p ro d u ce  e x p e r im e n t ­
a l l y  by i n j e c t i o n  o f  o rgan ism s  i n t o  the  b lo o d  s t r e a m ,  when 
i t  d id  o c cu r  th e  r e s u l t i n g  l e s i o n  was a  p y e l o n e p h r i t i s ,  
w hereas  i f  i n f e c t i o n  o c c u r r e d  from th e  b l a d d e r  a  p y e l i t i s  
was found .  Thisc f i n d i n g s  t h e r e f o r e  s u p p o r t*  th e  haematogenous 
r o u t e  i n  c h i l d r e n  s i n c e  a p y e l i t i s  i s  r a r e l y  i f  ev e r  
d i s c o v e r e d .
The ev id en ce  i n  s u p p o r t  o f  th e  t r a n s p a r i e t a l  r o u t e  i s  
l e s s  c o n v in c in g .  Wreden (1893) s t a t e d  t h a t  i n j u r y  to  th e  
mucous membrane of  the  co lo n  i n  a  r a b b i t  r e s u l t e d  i n  a 
c y s t i t i s .  Raymond (1893) shewed t h a t  i n  a d u l t s  s a l p i n g i t i s  
and i p e t r i t i s  was o f t e n  f o l lo w e d  by c y s t i t i s ,  and t h a t  the  
a r e a  o f  th e  b l a d d e r  which was f i r s t  i n f e c t e d  c o r r e sp o n d e d  
to th e  p a r t  which  was i n  c o n t a c t  w i t h  the  in f l a m e d  o r g a n s .  
Knox (1907) r e p o r t e d  a  f a t a l  c a se  o f  p y u r i a  c o m p l i c a t i n g  
c h r o n i c  i l e o - c o l i t i s  i n  a n  i n f a n t ,  i n  which  a t  a u to p s y  a
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p i e c e  o f  in f la m e d  and t h i c k e n e d  c o lo n  was found i n  c l o s e  
c o n t a c t  w i t h  one k i d n e y .  W alker  (1922)  h a s  shewn t h a t  
f r e e  comm unica t ion  e x i s t s  be tw een  t h e  l y m p h a t i c s  o f  the  
c o lo n  and t h o s e  o f  t h e  u r i n a r y  o r g a n s .  B u r n e t t  (1927) 
advanced  t h e  t h e o r y  t h a t  th e  p r e p o n d e r a n c e  o f  r i g h t - s i d e d  
c a s e s  o f  p y e l o n e p h r i t i s  was due to  t h e  f a c t  t h a t  a  f r e e  
ly m p h a t ic  c o n n e c t i o n  e x i s t s  be tw een  th e  a s c e n d i n g  co lo n  
and r i g h t  k i d n e y ,  w h e rea s  on t h e  l e f t  s i d e  t h e s e  a r e  few 
a r  u n d e v e lo p ed .  Po sne r  and Lewis (1894) however s t a t e d  t h a t  
t h e y  had n e v e r  been  a b l e  to  f i n d  o rg an ism s  i n  th e  t i s s u e s  
be tween t h e  c o lo n  and u r i n a r y  o r g a n s .
There i s  l i t t l e  to s u p p o r t  th e  t h e o r y  t h a t  i n f e c t i o n  
t a k e s  p l a c e  by a  s p re a d  of  o rg an ism s  a lo n g  the  u r i n a r y  
p a s s a g e s  from below. The p re p o n d e ra n c e  o f  c a s e s  o c c u r r i n g  
i n  g i r l s  has  b e en  e x p la in e d  i n  t h i s  way, o rg an ism s  b e in g  
supposed to g a i n  a c c e s s  to th e  b l a d d e r  t h ro u g h  t h e  s h o r t  
wide u r e t h r a  o f  the  g i r l .  Trtimpp (1897) and S chw ar tz  (1918) 
have shewn t h a t  th e  u r i n e  o f  c h i l d r e n  s u f f e r i n g  from g a s t r o ­
e n t e r i t i s  f r e q u e n t l y  c o n t a i n s  c o l i f o r m  b a c i l l i ,  t h e  
c o n ta m in a t io n  b e in g  more f r e q u e n t  i n  g i r l s .  C a c c ia  (1907) 
p roved  t h a t  o rgan ism s i n j e c t e d  i n t o  th e  b l a d d e r  o f  p u p p ie s  
d id  n o t  p roduce  i n f e c t i o n  o f  th e  u r i n a r y  t r a c t  u n l e s s  the
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b l a d d e r  was damaged o r  t h e r e  was o b s t r u c t i o n  t o  u r i n a r y  
o u t f lo w .  B a u e r e i s e n  (1910)  and D r a p e r  and B r a a s c h  (1913) 
s t a t e d  t h a t  o rg an ism s  co u ld  o n ly  a s c e n d  to t h e  k i d n e y s  a lo n g  
t h e  lumen of  th e  u r e t e r  u n d e r  c o n d i t i o n s  o f  u r i n a r y  s t a s i s  
o r  incom petence  o f  t h e  u r e t e r o - v e s c i c a l  v a l v e .
P i  scus s i  on
My own o p i n io n  i s  t h a t  i n  a  l a r g e  number o f  c a s e s  
i n f e c t i o n  s p r e a d s  upwards a lo n g  th e  l y m p h a t i c s .  This  would 
h e lp  to e x p l a i n  th e  number o f  c a s e s  f o l l o w i n g  e n t e r i t i s  and 
th e  p re p o n d e ra n c e  i n  g i r l s .  S chw ar tz  (1918) found  t h a t  
o rgan ism s f r e q u e n t l y  e n t e r e d  the  u r e t h r a  d u r in g  d i a r r h o e a ,  
e s p e c i a l l y  i n  g i r l s .  Walker  (1922) p ro v e d  t h a t  c e r t a i n  
o rgan ism s  and dyes were c a r r i e d  from t h e  p o s t e r i o r  u r e t h r a  
a lo n g  th e  ly m p h a t ic  c h a n n e l s  to  t h e  k id n e y .  I t  seems 
r e a s o n a b l e  to suppose  t h a t  c o l i f o r m  b a c i l l i  may be conveyed 
to th e  k id n e y s  i n  th e  same way. T h is  does n o t  however 
e x p l a i n  th e  h i g h  i n c i d e n c e  o f  p r im a ry  c a s e s  among g i r l s .
I f  the  a r e a  of  mucous membrane c o v e r in g  the  e x t e r n a l  g e n i t a l s  
and i t s  d i s t a n c e  from t h e  anus i s  compared i n  th e  two sexes  
i t  w i l l  be seen  t h a t  i n  g i r l s  t h e r e  i s  a  r e l a t i v e l y  l a r g e  
a r e a  of  mucous membrane c o v e r in g  t h e  l a b i a  and v e s t i b u l e  
which i s  i n  c l o s e  p r o x i m i t y  to the  a n u s ,  w h i le  i n  boys t h e r e
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i s  o n ly  a  sm a l l  a r e a  o f  mucosa c o v e r i n g  th e  g l a n s  p e n i s ,  
w h ich  i s  s e p a r a t e d  from th e  anus by t h e  sc ro tum .  (See
Comparison be tw een  t h e  amount of  mucous membrane 
c o v e r in g  the  e x t e r n a l  g e n i t a l s  i n  th e  two s e x e s ,  
and i t s  p r o x i m i t y  to t h e  anu s ,  (dia.gnmn.tk')
*
F a e c a l  c o n ta m i n a t i o n  o f  the  mucous membrane o f  th e
e x t e r n a l  g e n i t a l s  m ust  t h e r e f o r e  be more f r e q u e n t  i n  g i r l s  
t h a n  boys ,  and i t  i s  p o s s i b l e  t h a t  a b s o r p t i o n  o f  i n f e c t e d  
m a t e r i a l  may t a k e  p l a c e  t h r o u g h  t h e  l y m p h a t i c s  from the  
r e l a t i v e l y  l a r g e  mucus s u r f a c e  o f  t h e  v u l v a .  I t  i s  w e l l  
r e c o g n i s e d  t h a t  u r i n a r y  i n f e c t i o n  i s  a f r e q u e n t  s e q u e l  to 
g y n a e c o l o g i c a l  o p e r a t i o n s ,  p a r t i c u l a r l y  on th e  v a g i n a  and 
e x t e r n a l  g e n i t a l s ,  and to i n f e c t e d  t e a r s  o f  t h e  p e r ineum  and 
v a g in a  i n  th e  p u e rp e r iu m ,  and i t  would a p p e a r  from th e  
r a p i d i t y  w i t h  which u r i n a r y  symptoms o c cu r  t h a t  t h e  sp re ad  
o f  i n f e c t i o n  i s  th ro u g h  t h e  l y m p h a t i c s  i n  t h e s e  c a s e s .
d i a g r a m ) . BsNuous Mtmbvanfc
V u h b u J c -
Gla-ns-
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The same t h i n g  may p resu m ab ly  t a k e  p l a c e  i n  sm a l l  g i r l s ,  
p a r t i c u l a r l y  where e x c o r i a t i o n  o f  the  e x t e r n a l  g e n i t a l s  i s  
p r e s e n t .
This  p a t h  o f  i n f e c t i o n  does n o t  e x p l a i n  ev e ry  c a s e ,  
and i n  boys and t h o s e  c a s e s  o c c u r r i n g  im m e d ia te ly  a f t e r  b i r t h  
t h e r e  i s  p re s u m a b ly  some o t h e r  r o u t e .  I t  seems p r o b a b l e  t h a t  
i n f e c t i o n  th r o u g h  th e  b lood  s t ream  o c c u r s  i n  a  number of  
c a s e s  o f  b o t h  s e x e s .  The sudden o n s e t  w i t h  r i g o r s ,  the  
c h a r a c t e r  o f  th e  p y r e x i a ,  th e  a p p e a ra n c e  o f  th e  c h i l d  and i n  
r a r e  c a s e s  th e  f i n d i n g  o f  an e n l a r g e d  s p l e e n  a r e  s u g g e s t i v e  
o f  a  b lo od  bo rn e  i n f e c t i o n .  Blood c u l t u r e s  a r e  n o t  o f t e n  
p o s i t i v e  b u t  t h i s  does  n o t  e x c lu d e  th e  p o s s i b i l i t y  o f  a  few 
organ ism s  e n t e r i n g  th e  b lo o d  s t ream  and s e t t l i n g  i n  th e  
k id n e y .  The f a c t  t h a t  a  b i l a t e r a l  s u p p u r a t i v e  p y e l o n e p h r i t i s  
i s  the  l e s i o n  most  o f t e n  found  p o s t -m o r te m  i s  i n  f a v o u r  of  
t h i s  r o u t e .  I t  would a p p e a r  t h a t  a s  a  r e s u l t  o f  an a t t a c k  o f  
e n t e r i t i s ,  c o n s t i p a t i o n  or  a c t i v e  p u r g a t i o n  the  mucous 
membrane o f  t h e  bowel becomes damaged and a  few o rg an ism s  
e n t e r  t h e  b lo o d  s t r e a m .  I f  the  c h i l d ' s  h e a l t h  i s  good and 
no a b n o r m a l i t y  o f  th e  u r i n a r y  t r a c t  e x i s t s  t h e s e  a r e  d e s t r o y e d  
o r  e x c r e t e d  w i th o u t  any damage r e s u l t i n g .  I f  t h e  r e s i s t a n c e  
o f  th e  c h i l d  i s  p o o r ,  u r i n a r y  e x c r e t i o n  o b s t r u c t e d  by some
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a b n o r m a l i t y  i n  t h e  u r i n a r y  t r a c t ,  o r  d e h y d r a t i o n  i s  s e v e r e ,  
a p y e l o n e p h r i t i s  may r e s u l t .  The f o l l o w i n g  c a s e  s u g g e s t s  
t h a t  i n f e c t i o n  was b lo o d  borne
A male i n f a n t ,  bo rn  s p o n t a n e o u s ly  a t  te rm ,  d e v e lo p ed  
p y r e x i a  f o u r  days  a f t e r  b i r t h .  On e x a m in a t io n  he was found  
to  be drowsy, j a u n d i c e d  and to have l o s t  c o n s i d e r a b l e  amount 
o f  w e i g h t .  He v om i te d  s e v e r a l  t im e s  and r e f u s e d  h i s  f e e d s .
The u r i n e  was s c a n t y  and h i g h  c o lo u r e d  and was found to 
c o n t a i n  a  few pus c e l l s ,  and a  heavy g ro w th  o f  s t a p h y lo c o c c u s  
a u r e u s  was o b t a i n e d  i n  r e p e a t e d  c u l t u r e s .  The i n f a n t  improved 
w i t h  t r e a t m e n t ,  b u t  th e  g e n e r a l  c o n d i t i o n  was n o t  s a t i s f a c t o r y  
u n t i l  a  week a f t e r  th e  o n s e t  o f  symptoms, when an  a x i l i a r y  
a b s c e s s  a p p e a re d  from which  s t a p h y lo c o c c u s  a u r e u s  was 
o b t a i n e d  i n  p u r e  c u l t u r e .  From th e  t ime o f  o p en ing  th e  
a b s c e s s  th e  c o n d i t i o n  o f  th e  c h i l d  improved.  A l l  symptoms 
r a p i d l y  s u b s id e d  and he was d i s c h a r g e d  from h o s p i t a l  i n  good 
h e a l t h  s e v e n te e n  days a f t e r  th e  o n s e t  o f  th e  i l l n e s s .
The t r a n s p a r i e t a l  r o u t e  has i t s  s u p p o r t e r s ,  b u t  i t s  
e x i s t e n c e  i s  d i f f i c u l t  to p r o v e .  One would e x p e c t  p y e l o ­
n e p h r i t i s  to  be a  more f r e q u e n t  c o m p l i c a t i o n  o f  a p p e n d i c i t i s  
and i n t u s s u c e p t i o n ,  b u t  my own o b s e r v a t i o n s  have n o t  l e d  me 
to  b e l i e v e  t h a t  t h i s  i s  t h e  c a s e ,  and even when p e r i t o n i t i s  
d e v e lo p s  i t  i s  r a r e  to f i n d  pus  i n  the  u r i n e .
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The d i r e c t  a s c e n t  o f  i n f e c t i o n  th r o u g h  th e  u r i n a r y  
p a s s a g e s  h a s  l i t t l e  to recommend i t s  e x i s t e n c e  and  need  n o t  
be c o n s i d e r e d  f u r t h e r .
The S i t e  o f  I n f e c t i o n
I n  f a t a l  c a s e s  t h e  u s u a l  f i n d i n g  i s  a  b i l a t e r a l  
s u p p u r a t i v e  p y e l o n e p h r i t i s  w i t h o u t  in v o lv e m en t  o f  t h e  r e n a l  
p e l v i s .
Cabot and C r a b t r e e  (1916) r e p o r t e d  a  f a t a l  c a se  i n  an  
i n f a n t  o f  f o u r  months ,  i n  which  t h e  pos t -m o r tem  f i n d i n g  was 
a  t r u e  p y e l i t i s ,  w i t h o u t  in v o lvem en t  o f  t h e  k i d n e y s .  I  have 
been  u n ab le  to  f i n d  a r e c o r d  o f  any s i m i l a r  c a s e .
Chown (1927) a s  a  r e s u l t  o f  t h i r t y  a u t o p s i e s  upon 
c h i l d r e n  who had  had p y u r i a  d u r i n g  l i f e  s t a t e s  t h a t  th e  l e s i o n  
p r e s e n t  i s  a m u l t i p l e  f o c a l  s u p p u r a t i v e  i n t e r s t i t i a l  n e p h r i t i s  
w i t h o u t  in v o lv em en t  o f  p e l v i s ,  u r e t e r s  o r  b l a d d e r .  W i l so n  and 
S c h lo s s  (1929) qiade t h e  same s t a t e m e n t  a s  a  r e s u l t  o f  49 
a u t o p s i e s  upon c h i l d r e n .  C r a ig  (1935) found  t h a t  the  
i n f e c t i o n  was l i m i t e d  to  th e  k id n ey  s u b s ta n c e  i n  f i v e  o u t  o f  
s i x  f a t a l  c a s e s  o c c u r r i n g  i n  th e  n e o n a t a l  p e r i o d .  I n  the  
s i x t h  case  some in v o lv em en t  o f  th e  r e n a l  p e l v i s  was a l s o  
p r e s e n t ,  b u t  was a p p a r e n t l y  se con d a ry  to t h e  k idney  l e s i o n s .
I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  i n f e c t i o n  l i m i t e d  to  the 
p e l v i s  o f  t h e  k idney  i s  r a r e  i n  c h i l d r e n .  I t  has  been  s a i d
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t h a t  c a s e s  o f  p y e l i t i s  a lw ays  r e c o v e r  w h i l e  t h o s e  o f  p y e l o ­
n e p h r i t i s  u s u a l l y  d i e .  W il so n  and  S c h l o s s  (1929) w e r e ,  
how ever ,  a b l e  to  d e m o n s t r a t e  s c a r r i n g  o f  t h e  k id n e y s  i n  t h r e e  
c a s e s ,  w h ic h  d i e d  from a n o t h e r  cau se  some t ime a f t e r  th e y  had 
r e c o v e r e d  from p y u r i a .  I n  none o f  t h e s e  i n s t a n c e s  d i d  th e y  
f i n d  any e v id e n ce  o f  a  h e a l e d  l e s i o n  i n  t h e  p e l v i s .  They 
a l s o  r e c o r d  a c a se  where  a  k id n ey  was removed from a c h i l d  
d u r i n g  a n  a c u t e  i n f e c t i o n  and showed m u l t i p l e  a b s c e s s e s  i n  
th e  i n t e r s t i t i a l  t i s s u e  w i t h o u t  in v o lv e m en t  o f  th e  p e l v i s .
The c h i l d  r e c o v e r e d .
Among 43 c a s e s  w h ic h  came u n d e r  o b s e r v a t i o n  f o r  p y u r i a
t h e r e  were-, .Seven f a t a l  c a s e s ,  a  p o s t -m o r tem  e x a m in a t io n
b e in g  made i n  t h r e e  o f  t h e s e .  I n  th e  f i r s t  c a se  u r i n a r y
i n f e c t i o n  had fo l lo w ed  m ea s le s  and  s t r o e n t e r i t i s  and  was
a  t e r m i n a l  c o n d i t i o n  i n  a  s e v e r e l y  d e b i l i t a t e d  c h i l d .  No
changes were  found i n  t h e  k id n e y s .  The second  c a s e ,  a  male
i n f a n t  which had d i e d  a t  th e  age o f  f o u r t e e n  days f o l l o w in g
a r i t u a l  c i r c u m c i s i o n  was found to have e x t e n s i v e  c han g es .
veins
The g la n s  p e n i s  was gangrenous  and  th e  p e n i l e  th rom bosed .  
The b l a d d e r ,  u r e t e r s  and r e n a l  p e lv e s  were  a c u t e l y  in f la m e d  
and m u l t i p l e  a b s c e s s e s  were s c a t t e r e d  t h r o u g h o u t  t h e  s u b s ta n c e  
o f  th e  k i d n e y s ,  pyaemic a b s c e s s e s  were  found  i n  t h e  s h o u ld e r  
j o i n t s .  M ic ro sco p ic  e x a m in a t io n  con f i rm ed  t h e  d i a g n o s i s  o f
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a s c e n d i n g  p u r u l e n t  p y e l o n e p h r i t i s .  I  have  been  u n a b le  to  
f i n d  a  r e c o r d  o f  any  s i m i l a r  c a s e  i n  a  young c h i l d .  The 
t h i r d  c a s e ,  a female  i n f a n t  aged  t e n  d a y s ,  had had r a p i d  
l o s s  o f  w e i g h t  f rom b i r t h  w i t h  th e  deve lopm ent  o f  t y p i c a l  
symptoms two days  b e f o r e  d e a t h .  Pus c e l l s  and B .C o l i  were 
p r e s e n t  i n  l a r g e  numbers i n  the  u r i n e .  A t  a u to p s y  th e  k idneys  
were  found to  be c o n g e s t e d  and t h e  s e a t  o f  marked c lo u d y  s w e l l i n g .  
M i c r o s c o p i c a l l y  s m a l l  a r e a s  o f  l e u c o c y t i c  i n f i l t r a t i o n  between 
some o f  t h e  c o l l e c t i n g  t u b u le s  were  found .  The p e l v e s ,  u r e t e r s  
and b l a d d e r  were n o rm a l .  T h is  f i n d i n g ,  i s  t h e r e f o r e ,  c o n s i s t e n t  
w i t h  th e  f i n d i n g s  o f  Chown, W il so n  and S c h l o s s ,  t h a t  the  p a t h o ­
l o g i c a l  l e s i o n  p r e s e n t  i s  a  b i l a t e r a l  s u p p u r a t i v e  i n t e r s t i t i a l  
n e p h r i t i s ,  w i t h o u t  invo lv em en t  o f  th e  r e s t  o f  t h e  u r i n a r y  t r a c t .
THE FACTORS PRECIPITATING 
_________ INFECTION_________
1. The pH. o f  th e  u r i n e
I n  view o f  t h e  r a p i d  improvement i n  symptoms which  t a k e s  
p l a c e ,  i n  a c u te  c a s e s ,  on t h e  a d m i n i s t r a t i o n  o f  a l k a l i e s ,  i t  
was d e c id e d  to s t u d y  t h e  pH. o f  the  u r i n e  i n  a  s e r i e s  o f  
c h i l d r e n  u n d e r  o b s e r v a t i o n  i n  h o s p i t a l .
The f o l l o w i n g  t e c h n iq u e  was a d o p te d .  The r e a c t i o n  o f  
t h e  morn ing  specimen o f  u r i n e  was e s t i m a t e d  ev e ry  t h i r d  day ,
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t h e  u n de rm e n t io n e d  i n d i c a t o r s  "being u s e d  f o r  t h e  p u r p o s e  i -
f a |  Bromo-Cresol  P u r p l e
(b)  Bromo-Cresol  Green
(c )  Bromo-Thymol Blue
fd) Bromo-Phenol  Blue
(e )  Phenol-Red
( f )  Congo-Red
The r e s u l t s  o b t a i n e d  were compared w i t h  a  s t a n d a r d  s e r i e s  
o f  c o l o u r s  and by t h i s  method r e a d i n g s  were a v a i l a b l e  
r a n g in g  from a  pH. 3 . 0  to p H .8 .5 .  Comparisons w i t h  s t a n d a r d  
s o l u t i o n s  showed t h a t  t h e  method gave a c c u r a t e  r e s u l t s  
w i t h i n  a  pH. o f  0 . 2 .
I n  800 e s t i m a t i o n s  o f  t h e  u r i n e  o f  c h i l d r e n  who were 
f r e e  f rom u r i n a r y  i n f e c t i o n  and were  n o t  u n d e r  t r e a t m e n t  
w i t h  a l k a l i n e s  o r  a c i d s  th e  pH. o f  t h e  u r i n e  was found to 
range  be tw een  5 . 4  and 6 . 0  w i t h  a n  a v e r a g e  r e a d i n g  o f  5 . 7 ,  
wh ich  d id  n o t  v a r y  w i t h  t h e  age o f  t h e  c h i l d .
A s tu d y  was now made o f  a  group  o f  c h i l d r e n  to  f i n d  
w h e the r  any n o t a b l e  change i n  th e  pH. of  th e  u r i n e  p r e c e d e d  
t h e  development  o f  ^ u r i n a r y  i n f e c t i o n .  O b s e r v a t i o n s  were 
c a r r i e d  o u t  i n  120 c a s e s  of  which  seven  s u b s e q u e n t ly  deve loped  
p y u r i a .  The d i s e a s e s  u n d e r  t r e a t m e n t  w i l l  be n o t e d  l a t e r .
No c o n s t a n t  change was found i n  t h e  r e a c t i o n  o f  th e  u r i n e  i n  
any o f  t h e s e  c a s e s ,  e i t h e r  b e f o r e  o r  a f t e r  th e  development 
o f  p y u r i a .  (C h a r t  I )
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C har t  I .  pH. o f  th e  u r i n e  b e f o r e  and a f t e r  th e
o n s e t  o f  p y e l o n e p h r i t i s
F r e q u e n t  o b s e r v a t i o n s  were now made o f  th e  u r i n a r y  
r e a c t i o n  o f  c h i l d r e n  s u f f e r i n g  from B .C o l i  p y e l o n e p h r i t i s  
and on a l k a l i n e  t r e a t m e n t .  Two main t y p e s  o f  r e s p o n s e  to 
t r e a tm e n t  were  n o t e d .  I n  t h e  m i ld  c a se  th e  u r i n e  was e a s i l y  
a l k a l i n i s e d  and co u ld  be k e p t  a t  a  pH. 7 . 0  -  7 . 5  w i t h o u t  
l a r g e  d o se s .  (C h a r t  2 ) .  I n  t h e  second c l a s s  o f  c a s e  the  
i l l n e s s  was more s e v e r e  and  g r e a t  d i f f i c u l t y  was e x p e r i e n c e d  
i n  k e e p in g  t h e  u r i n e  a t  th e  d e s i r e d  pH. I t  was o f t e n  n e c e s s a r y  
to  i n c r e a s e  t h e  dose o f  a l k a l i  a t  f r e q u e n t  i n t e r v a l s  th r o u g h ­
o u t  t h e  i l l n e s s ,  u n t i l  enormous amounts were b e in g  g i v e n ,  a 
c h i l d  o f  f i v e  y e a r s  sometimes r e q u i r i n g  g r . 4 0 0  i n  t h e  tw en ty -
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f o u r  h o u r s .  As t h e  c o n d i t i o n  improved t h e  d e s i r e d  r e a c t i o n  
was more e a s i l y  m a i n t a i n e d  and s m a l l e r  amounts o f  a l k a l i  co u ld  
he g iv e n .  (C h a r t  3)
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C h ar t  2. Showing e a se  w i t h  which  t h e  u r i n e  can he
a l k a l i n i s e d  i n  a m i ld  case
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C h ar t  3. Showing; d i f f i c u l t y  i n  k e e p in g  u r i n e  a l k a l i n e  i n
a  more s e v e r e  c a s e ,  and l a t e r  t h e  e a se  w i t h  which 
t h e  a l k a l i n i t y  can  be m a i n t a i n e d  a s  t h e  u r i n e  
c l e a r s .
O b s e r v a t io n s  upon c h i l d r e n  u n d e rg o in g  a l k a l i n e  
t r e a t m e n t  f o r  r e a s o n s  o t h e r  t h a n  u r i n a r y  i n f e c t i o n  showed 
t h a t  a  sm a l l  dose was s u f f i c i e n t  to  keep  t h e  pH. o f  th e  
u r i n e  a t  7 .5  or  o v e r  and to m a i n t a i n  i t  a t  t h i s  l e v e l .  
(C h a r t  4 ) .
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C h ar t  4. E f f e c t s  o f  a l k a l i n e  t r e a t m e n t  i n  a c h i l d  f r e e
from u r i n a r y  i n f e c t i o n
I t  was t h e r e f o r e  found  to  be a  u s e f u l  method o f  d i f f e r e n t ­
i a t i n g  between c a s e s  o f  m i ld  p y e l o n e p h r i t i s  and t h o s e  i n  
w h ich  th e  pus  was due to v a g i n i t i s  o r  some s i m i l a r  c o n d i t i o n ,  
e s p e c i a l l y  i n  c a s e s  where i t  was n o t  c o n s i d e r e d  d e s i r a b l e  to 
t a k e  f r e q u e n t  c a t h e t e r  specimens o f  u r i n e .
2 . D u r a t i o n  o f  d i s e a s e  and con f in e m e n t  t o  bed
I t  seemed p r o b a b l e  t h a t  t h e  c h i l d  which had a  lo n g  
i l l n e s s  would be l i a b l e  to  deve lop  i n f e c t i o n  o f  t h e  u r i n a r y  
t r a c t ,  a s  a r e s u l t  o f  s t a s i s ,  p a r t i c u l a r l y  i f  he were k e p t  
i n  a  recumbent  p o s i t i o n  f o r  any l e n g t h  o f  t im e .
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Among t h e  c h i l d r e n  u n d e r  o b s e r v a t i o n  t h e  d u r a t i o n  o f  
con f inem en t  to  bed v a r i e d  from a few days  to  many months .
The l o n g e s t  s t a y  i n  h o s p i t a l  was t h a t  o f  a  boy aged  s i x  y e a r s ,  
s u f f e r i n g  from r h e u m a t ic  c a r d i t i s ,  who was i n  bed f o r  t e n  
months ,  s e v e r a l  o f  w h ic h  were s p e n t  i n  a  recum bent  p o s i t i o n .
I n  s p i t e  o f  t h i s  f a c t ,  t h e  u r i n e ,  examined a t  f r e q u e n t  
i n t e r v a l s ,  was n e v e r  found to  c o n t a i n  a  s i n g l e  p u s  c e l l .
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A g i r l  aged  t h i r t e e n  y e a r s ,  a d m i t t e d  w i t h  s a e r o i l i a c  ' 
a r t h r i t i s  was c o n f i n e d  to  bed f o r  t h r e e  months and was n o t  
encouraged  to  move a b o u t  d u r in g  t h i s  t im e .  At no t im e  was 
pus found  i n  th e  u r i n e .
A g i r l  o f  two y e a r s ,  s u f f e r i n g  from pneumonia and 
empyema, rem ained  i n  bed f o r  n in e  weeks and d u r in g  t h i s  t im e  
she shewed no i n c l i n a t i o n  to  s t a n d  up o r  ru n  a b o u t  h e r  c o t .
The u r i n e  rem ained  f r e e  from pu s  d u r in g  t h e  whole  i l l n e s s .
T w en ty - th ree  c h i l d r e n  who were a l r e a d y  u n d e r  t r e a t m e n t  
f o r  o t h e r  c o n d i t i o n s  dev e lo p ed  u r i n a r y  i n f e c t i o n .  The 
d i s e a s e s  to  w h ich  i t  was se c o n d a ry  w i l l  be  m en t io n ed  i n  a  l a t e r  
s e c t i o n .  The t ime o f  o n s e t  o f  p y u r i a  i s  shown i n  T ab le  6. 
Twelve c h i l d r e n  (52$) deve lop ed  t h i s  c o n d i t i o n  d u r in g  t h e  f i r s t  
week o f  t h e  i n i t i a l  d i s e a s e ,  t h r e e  (13$) d u r in g  t h e  second  week, 
f o u r  (17$) i n  th e  t h i r d  week and t h r e e  i n  t h e  f o u r t h  week.
I n  one case  o n ly  was th e  o n s e t  d e la y e d  u n t i l  th e  s i x t h  week o f  
i l l n e s s .
I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  t h e  d u r a t i o n  o f  t h e  s t a y  in  
bed has  no i n f l u e n c e  upon t h e  development  o f  u r i n a r y  i n f e c t i o n .  
The s u s c e p t i b l e  c h i l d  becomes i n f e c t e d  e a r l y  w h i l e  t h e  o t h e r s  
rem ain  f r e e  from i n f e c t i o n  o v e r  a  p r o lo n g e d  p e r i o d .
Table  6
Showing t h e  t ime o f  o n s e t  o f  p y u r i a 
d u r i n g  t h e  c o u r s e  o f  o t h e r  d i s e a s e s  i n  
t w e n t y - t h r e e  c a s e s .
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3. C o n s t i p a t i o n  a n d  t h e  a d m i n i s t r a t i o n  o f  a p e r i e n t s
There  i s  no doubt  t h a t  c o n s t i p a t i o n  and t h e  su b seq u e n t  
a d m i n i s t r a t i o n  o f  a p e r i e n t s  p l a y s  some p a r t  i n  t h e  p r o d u c t i o n  
o f  u r i n a r y  i n f e c t i o n s .
Morse (1909) o b t a i n e d  a  h i s t o r y  o f  c h r o n i c  c o n s t i p a t i o n  
i n  t h r e e  o f  h i s  c a s e s .  Thomson (1910) n o t e d  t h i s  and found  
t h a t  o u t  o f  t w e n t y - f i v e  c a s e s  o f  " a c u t e  p y e l i t i s "  t h e r e  was 
a h i s t o r y  o f  h a b i t u a l  c o n s t i p a t i o n  i n  tw e lv e .  Walker (1922) 
s t a t e s  t h a t  i n  c h r o n i c  c a s e s ,  p y u r i a  f r e q u e n t l y  r e c u r s  a f t e r  
th e  a d m i n i s t r a t i o n  o f  c a s c a r a .  A lbee  (1927) c o n s i d e r s  
i n t e s t i n a l  s t a s i s  and p u t r e f a c t i o n  a r e  o f  such  im p o r ta n c e  i n  
c h r o n i c  p y u r i a  t h a t  he a d v o c a t e s  h i g h  c o l o n i c  l a v a g e  i n  th e  
t r e a t m e n t  o f  a l l  c a s e s .
Among t h e  tw en ty  c a s e s  o f  p r im a r y  i n f e c t i o n  which  came 
u n d e r  o b s e r v a t i o n  t h e r e  was a  d e f i n i t e  h i s t o r y  o f  c o n s t i p a t i o n  
i n  f i v e .  This  i s  n o t  a v e r y  h i g h  f i g u r e  b u t  a s  a  number o f  
t h e  c a s e s  were  o v e r  f i v e  y e a r s  o ld  i t  i s  p r o b a b l e  t h a t  
h a b i t u a l  c o n s t i p a t i o n  was p r e s e n t  i n  a  l a r g e r  number o f  
c h i l d r e n ,  b u t  had n o t  been  o b se rv e d  by t h e  m o th e r s .
Among t h e  t w e n t y - t h r e e  c a s e s  o f  s e con d a ry  i n f e c t i o n ,  
c o n s t i p a t i o n  was an  o u t s t a n d i n g  f e a t u r e  i n  s i x ,  and had i n  
a l l  t h e s e  c a s e s  so d e f i n i t e l y  p re c e d e d  t h e  o n s e t  o f  p y u r i a  a s  
to  make i t  a p p e a r  e x t r e m e ly  p r o b a b l e  t h a t  t h e  two c o n d i t i o n s  
were a s s o c i a t e d  w i t h  each  o th e r .
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I t  was n o te d  t h a t  t h e  r e l a p s e s  w h ich  o c c u r  i n  p y e l o ­
n e p h r i t i s  f r e q u e n t l y  f o l lo w  a p e r i o d  o f  c o n s t i p a t i o n ,  and 
c l e a r  up when t h i s  i s  t r e a t e d .  ( C h a r t  5)
Z2\Z2\lAv>-hi\l7\2X\21 \3o\?i
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C h ar t  5. G i r l  o f  7 y e a r s ,  p y e l o n e p h r i t i s .
R e la p s e s  f o l l o w i n g  p e r i o d s  o f  c o n s t i p a t i o n
The v a r i o u s  t h e o r i e s  r e g a r d i n g  c a u s a t i o n  o f  u r i n a r y  
i n f e c t i o n  have a l r e a d y  been  d i s c u s s e d ,  and damage to the  
i n t e s t i n a l  mucosa was r e f e r r e d  to  a s  a  f a c t o r .  C o n s t i p a t i o n  
and p u r g a t i o n  may have t h i s  e f f e c t  upon t h e  bowel and t h e r e  
seems no r e a s o n  t o  doubt  t h a t  t h e y  p l a y  a  p a r t  i n  th e  
p r o d u c t i o n  o f  b o t h  p r i m a r y  and secondary  i n f e c t i o n s  and 
p r o l o n g a t i o n  o f  th e  i l l n e s s .
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4. S e v e r i t y  o f  th e  o r i g i n a l  d i s e a s e .
I n  Table  5 a r e  s e t  o u t  a  l i s t  o f  th e  d i s e a s e s  i n  which  
u r i n a r y  i n f e c t i o n  o c c u r r e d  a s  a  c o m p l i c a t i o n .  W ith  t h e  
e x c e p t i o n  o f  s i x  c a s e s  o f  g a s t r o e n t e r i t i s ,  one o f  which  
fo l lo w e d  m e a s l e s  and pneumonia, th e  c o n d i t i o n s  to which  p y u r i a  
was se co n d a ry  were a l l  o f  a  m i ld  n a t u r e .
O b s e r v a t i o n  o f  two g i r l s ,  e a c h  aged two y e a r s ,  s u f f e r i n g  
from pneumonia and empyema, f a i l e d  to r e v e a l  any e v id e n c e  o f  
u r i n a r y  i n f e c t i o n ,  a l t h o u g h  i n  b o t h  c a s e s  a  long  f e b r i l e  
i l l n e s s  o c c u r r e d .  A boy aged t h r e e  y e a r s ,  a d m i t t e d  to  
h o s p i t a l  w i t h  g e n e r a l i s e d  p e r i t o n i t i s  f o l lo w in g  a p p e n d i c i t i s  
had c o n t in u o u s  p y r e x i a  f o r  f o u r  weeks and u l t i m a t e l y  deve lop ed  
a  p e l v i c  a b s c e s s .  The u r i n e  rem ained  f r e e  from pus and s t e r i l e  
t h r o u g h o u t  t h e  i l l n e s s .  A t h r e e  y e a r  o ld  boy d e v e lo p ed  a c u t e  
f o c a l  n e p h r i t i s  d u r in g  t h e  c o u r s e  o f  bronchopneumonia .
D e s p i t e  t h e  f a c t  t h a t  t h e  o r i g i n a l  d i s e a s e  was a  s e v e r e  one 
and damage to t h e  k i d n e y s ,  a s  i n d i c a t e d  by a lb u m i n u r i a ,  and 
th e  p a s s a g e  o f  c a s t s  and r e d  b loo d  c o r p u s c l e s ,  had o c c u r r e d  
n e i t h e r  p u s  n o r  o rg an ism s  were found  on f r e q u e n t  e x a m in a t io n s  
o f  th e  u r i n e .
The m a j o r i t y  o f  c o n d i t i o n s  which  were fo l lo w e d  by the  
development  o f  u r i n a r y  i n f e c t i o n  were o f  a m i l d  n a t u r e .
I t  seems p r o b a b l e  t h a t  a s e v e re  i l l n e s s  i s  n o t  i n  i t s e l f
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s u f f i c i e n t  to  r e n d e r  th e  p a t i e n t  p ro n e  to i n f e c t i o n  o f  the  
u r i n a r y  t r a c t ,  b u t  t h a t  some o t h e r  f a c t o r  must  be p r e s e n t ,  
and t h i s  i s  a s  l i a b l e  t o  o c c u r  i n  t h e  m i ld  i l l n e s s  a s  i n  the  
mare s e v e re  c o n d i t i o n .
5. Age and sex
I n  e v e ry  a c c o u n t  o f  p y e l o n e p h r i t i s  i n  c h i ld h o o d  s t r e s s  
has  been l a i d  on i t s  p re p o n d e ra n c e  i n  g i r l s ,  and  t h e  t y p i c a l  
case  i s  d e s c r i b e d  a s  o c c u r r i n g  most  f r e q u e n t l y  below t h e  age 
o f  one y e a r .  Morse (1909) i n  a  s e r i e s  o f  50 c a s e s  found t h a t  
60^ were g i r l s .  Thomson (1910) i n  a  d e s c r i p t i o n  o f  25 c a se s  
found t h i s  f i g u r e  to  be a s  h ig h  a s  84$} A l l  h i s  c a s e s  b e in g  
below t h e  age o f  two y e a r s .  G a r t e r  (1926) r e p o r t e d  114 c a s e s ,  
83 o f  w h ic h  were g i r l s ,  b u t  n o te d  t h a t  i f  t h e  61 c a s e s  which 
had o c c u r r e d  below th e  age o f  one y e a r  were a lo n e  c o n s i d e r e d ,  
th e  d i s t r i b u t i o n  be tw een  t h e  se x e s  was a lm os t  e q u a l .  In  
S t i l l ’ s a c c o u n t  o f  40 c a s e s  (1927) t h e r e  were 36 g i r l s  and 
30 o f  the  c h i l d r e n  were u n d e r  two y e a r s .  Graham (1933) i n  
a  s t u d y  o f  435 c a s e s  found  t h a t  below th e  age o f  s i x  months 
th e  i n c i d e n c e  o f  u r i n a r y  i n f e c t i o n  was a lm o s t  t h e  same f o r  
th e  two s e x e s ,  b u t  t h e r e a f t e r  i t  was h i g h e r  i n  g i r l s .  Among 
20 f a t a l  c a s e s  r e f e r r e d  t o  by She ldon  (1936) i n  w h ic h  th e  
d i a g n o s i s  was co n f i rm ed  by p o s t -m or tem  e x a m in a t io n  t h e r e  
were n i n e  boys .
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The i n c i d e n c e  o f  u r i n a r y  i n f e c t i o n  among boys  and 
g i r l s  i n  a  s e r i e s  o f  43 c a s e s  has  a l r e a d y  been  r e f e r r e d  to 
and  i s  shown i n  T a b le s  1 and 2. 35 o f  th e  t o t a l  c a s e s  were
g i r l s  and 8 were b o y s .  I n  t h e  g roup  o f  p r im a r y  c a s e s  th e  
p r e p o n d e r a n c e  among g i r l s  was more marked,  b e in g  9 : 1 ,  w h i le  
i n  t h e  se co n d a ry  g roup  i t  was 3 : 1 .
F i v e  c a s e s ,  o c c u r r i n g  i n  th e  n e o n a t a l  p e r i o d  have been 
o m i t t e d ,  s i n c e  th e y  d id  n o t  come u n d e r  o b s e r v a t i o n  u n t i l  th e  
above s e r i e s  o f  c a s e s  was c o m p le ted .  Pour  o f  t h e s e  were 
however boys .  TJie o b s e r v a t i o n s  o f  G oepper t  (1 9 0 8 ) ,  S a u e r  
(1 9 1 8 ) ,  P a t e r s o n  (1931) and C ra ig  (1935) have shewn t h a t  
u r i n a r y  i n f e c t i o n  i n  t h e  n e o n a t a l  p e r i o d  i s  more f r e q u e n t  i n  
b oys .
The age  a t  o n s e t  o f  symptoms i n  43 c a s e s  i s  shewn i n  
T a b le s  3 and 4. The c h i l d r e n  under  o b s e r v a t i o n  i n  h o s p i t a l  
have been  d i v i d e d  i n t o  f i v e  g r o u p s  a c c o r d i n g  to t h e i r  a g e s ,  
and  t h e  c a s e s  o f  u r i n a r y  i n f e c t i o n  o c c u r r i n g  have been 
e x p re s s e d  a s  a p e r c e n t a g e  o f  th e  t o t a l  number o f  c h i l d r e n  i n  
e ach  g roup .  A s t u d y  o f  t h e s e  t a b l e s  shows t h a t  t h e  p e r c e n t a g e  
f o r  a l l  c a s e s  was h i g h e s t  i n  th e  g roup  o f  c h i l d r e n  u n d e r  one 
y e a r .  When th e  p r i m a r y  i n f e c t i o n s  a r e  a l o n e  c o n s i d e r e d ,  
however , t h e  h i g h e s t  i n c i d e n c e  i s  found to  be i n  th e  5 - 1 0
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y e a r  g ro u p ,  w h i l e  i n  th e  se co n d a ry  c a s e s  i t  i s  a g a i n  h i g h e s t  
below one y e a r .  Tab le  A shows t h a t  th e  i n c i d e n c e  o f  i n f e c t i o n  
i n  t h e  c a s e s  u n d e r  o b s e r v a t i o n  f e l l  be tw een  t h e  a g es  o f  one 
and t h r e e  y e a r s  and  t h e n  r o s e  a g a i n  up to t e n  y e a r s  o f  age .
I t  would a p p e a r  t h a t  t h e  h ig h  i n c i d e n c e  o f  c a s e s  below 
t h e  age o f  one  y e a r ,  n o te d  by many o b s e r v e r s ,  i s  due to t h e  
f r e q u e n c y  w i t h  w h ic h  u r i n a r y  i n f e c t i o n  o c c u r s  a s  a  c o m p l i c a t i o n  
o f  o t h e r  c o n d i t i o n s  a t  t h i s  age and i t  w i l l  be seen  l a t e r  t h a t  
g a s t r o i n t e s t i n a l  d i s o r d e r s  a r e  a f r e q u e n t  p r e c u r s o r  o f  u r i n a r y  
i n f e c t i o n  i n  i n f a n t s .
A p o s s i b l e  e x p l a n a t i o n  o f  t h e  p re p o n d e ra n c e  o f  c a s e s  i n  
g i r l s  i s  d i s c u s s e d  e l s e w h e re .
6. S e a s o n a l  I n c i d e n c e
I n v e s t i g a t i o n s  were m a in ly  c a r r i e d  o u t  be tween June  
and December and th e  f i g u r e s  f o r  t h e  e a r l i e r  months have been 
o b t a i n e d  from t h e  h o s p i t a l  r e c o r d s  and,  t h e r e f o r e ,  o n ly  i n c l u d e  
c a s e s  i n  w h ic h  t h e  p r i n c i p a l  d i s e a s e  was p y e l o n e p h r i t i s .
Table  7 shows t h e  t o t a l  number o f  c a s e s  o f  u r i n a r y  
i n f e c t i o n  u n d e r  t r e a t m e n t  e a c h  month , and th e  number o f  p r im a ry  
c a s e s  a d m i t t e d  t o  h o s p i t a l .
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Table  7
Cases o f  u r i n a r y  i n f e c t i o n  und e r  
t r e a t m e n t
J|//V£ T o L y  HU6-. Se p t . O C T .
_______ .  T o t a l  c a s e s  u n d e r  t r e a t m e n t
s P r im a ry  c a s e s  a d m i t t e d .
A s tu d y  o f  t h i s  t a b l e  shows t h a t  t h e  t o t a l  number o f  c a s e s  
o f  u r i n a r y  i n f e c t i o n  u n d e r  t r e a t m e n t  was h i g h e s t  d u r i n g  the  
month o f  August  and rem ained  h ig h  th r o u g h o u t  t h e  Summer and 
Autumn months .  I t  w i l l  be seen  l a t e r  t h a t  t h i s  r i s e  i n  th e  
number o f  c a s e s  c o r re sp o n d e d  to  the  i n c r e a s e d  number o f  c a se s
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o f  g a s t r o e n t e r i t i s  a d m i t t e d .  The number o f  p r im a r y  c a s e s  
rem ained  h i g h e s t  i n  August  and Sep tem ber ,  f e l l  t o  n i l  i n  
O c to ber  and r o s e  a g a i n  i n  November to c o r r e s p o n d  to th e  
i n c r e a s e  i n  th e  t o t a l  number o f  c a s e s  f o r  t h i s  month. These 
f i g u r e s  show a n  a c t u a l  i n c r e a s e  i n  th e  c a s e s  u n d e r  t r e a t m e n t ,  
and n o t  a n  a p p a r e n t  o ne ,  s in c e  t h e  t o t a l  number o f  c h i l d r e n  
i n  t h e  wards  rem ained  a lm o s t  c o n s t a n t  t h r o u g h o u t  th e  y e a r .
There does n o t  a p p e a r  t o  be any e x p l a n a t i o n  f o r  th e  
i n c r e a s e  o f  p r i m a r y  c a s e s  i n  August  and Sep tem ber ,  and i n  on ly  
one o f  t h e s e  c a s e s  was a  h i s t o r y  o f  d i a r r h o e a  o b t a i n e d .
7. System d i s e a s e s
System d i s e a s e s ,  p a r t i c u l a r l y  t h o s e  o f  the  g a s t r o ­
i n t e s t i n a l .  and u p p e r  r e s p i r a t o r y  t r a c t s  have been  f r e q u e n t l y  
c o n s i d e r e d  to  be f a c t o r s  i n  th e  p r o d u c t i o n  o f  u r i n a r y  i n f e c t i o n .  
Acute  i n f e c t i o u s  d i s e a s e s  a r e  a l s o  s a i d  to  p r e d i s p o s e  to the  
c o n d i t i o n ,  a  f a c t  which  was n o t e d  by Monti (1893) and Abt (1907) 
Among 50 c a s e s  d e s c r i b e d  by Morse (1909) u r i n a r y  
i n f e c t i o n  f o l lo w e d  g a s t r o e n t e r i t i s  on two o c c a s i o n s  and upp e r  
r e s p i r a t o r y  i n f e c t i o n  on one.  Thomson (1910) i n  a  s t u d y  of  
25 c a s e s ,  n o te d  th e  o c c u r r e n c e  o f  t h i s  c o n d i t i o n  a f t e r  s c u rv y  
t h r e e  t i m e s ,  r i c k e t s  f o u r ,  abdominal  t u b e r c u l o s i s  o n c e ,  and 
s e v e r e  a n aem ia  once.  I t  i s  p o s s i b l e  t h a t  i n  t h e  l a s t  c a s e  the  
anaemia  was i n  r e a l i t y  se co nd a ry  to  c h r o n i c  p y u r i a ,  a s  i n  th e
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case  r e p o r t e d  by C a r p e n t e r  (1 9 0 7 ) .  Sc h w a r tz  (1918) found  p u s  
c e l l s  and  c o l i f o r m  b a c i l l i  i n  th e  u r i n e  o f  2 9 .2 $  o f  g i r l s  and 
2 2 .7 $  o f  boys  i l l  w i t h  g a s t r o e n t e r i t i s .  More r e c e n t l y  King 
(1931) has  s t a t e d  t h a t  i n  h i s  o p i n i o n  90$ o f  the  c a s e s  f o l l o w
u p p e r  r e s p i r a t o r y  t r a c t  i n f e c t i o n  and th e  r e m a in in g  10$ occur
>
a f t e r  g a s t r o i n t e s t i n a l ,  . d i s o r d e r s .
The d i s e a s e s  which  were c o m p l i c a te d  by u r i n a r y  i n f e c t i o n  
have b e e n  shewn i n  T ab le  5. A s t u d y  o f  t h i s  shows t h a t  i n  23 
c a s e s  o f  s e co nd a ry  u r i n a r y  i n f e c t i o n  th e  i n i t i a l  d i s e a s e s  were 
g a s t r o e n t e r i t i s  e i g h t  t im e s ,  u p p e r  r e s p i r a t o r y  i n f e c t i o n  and 
s k i n  d i s e a s e s  f o u r ,  rheum atism  and g e n i t o u r i n a r y  c o n d i t i o n s  
t h r e e  t im e s  and anaem ia  and d e b i l i t y  once .  3 4 .7 $  o f  th e  c a s e s  
o f  s e co n d a ry  i n f e c t i o n  fo l lo w e d  g a s t r o e n t e r i t i s ,  p y u r i a  
o c c u r r i n g  tw ic e  a s  f r e q u e n t l y  i n  t h i s  c o n d i t i o n  a s  i n  any o f  
t h e  o t h e r  d i s e a s e s .
Table 8
Comparison o f  th e  d i s e a s e s  to which  u r i n a r y  i n f e c t i o n
was secondary
DISEASB
T o ta l  Mo.of 
Cases un de r  
Trea tm en t
N o.of  Cases 
d ev e lo p in g  
p y u r i a .
P e r c e n t a g e
G a s t r o e n t e r i t i s 30 8 26 .6
Upper R e s p i ' r a to ry  
T r a c t  I n f e c t i o n s 70 4 5 .7
Skin  D i s e a s e s 66 4 6 .0
Rheumatic  C o n d i t io n s 13 3 23 .0
G e n i to - U r in a r y
C o n d i t io n s 16 3 18.9
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Table  8 shows t h a t  among a  t o t a l  o f  30 c a s e s  o f  
g a s t r o e n t e r i t i s  u n d e r  t r e a t m e n t  i n  h o s p i t a l ,  pu s  and o rg an ism s  
were p r e s e n t  i n  t h e  u r i n e  o f  2 6 .6 ^ .  With one e x c e p t i o n  th e  
c a s e s  o f  e n t e r i t i s  c o m p l i c a te d  by p y u r i a  were o f  th e  
i n f e c t i o u s  t y p e ,  t h e  o rgan ism s  o b t a i n e d  from t h e  s t o o l s  b e in g  
B.Morgan, B . P r o t e u s ,  B .Pyooyaneus and B . l y s f c n t e r i a e  t t e ) .  
T h is  e x c lu d e s  t h e  p o s s i b i l i t y  o f  d i a r r h o e a  b e in g  m e re ly  a 
symptom o f  p r i m a r y  p y e l o n e p h r i t i s .
Table  9
O ccur rence  o f  Secondary  P y u r i a  i n  G a s t r o e n t e r i t i s
Cases of  
G a s t r o e n t e r i t i s
N o .o f  Cases 
o f  P y u r i a .
P e r ­
c e n ta g e
T o ta l 30 8 26 ,6
Boys 17 2 1 1 .3
G i r l s 13 6 46 .0
I n  Tab le  9 a r e  shown t h e  t o t a l  number o f  c a s e s  of  
g a s t r o e n t e r i t i s  u n d e r  t r e a t m e n t  and a  compar ison  i s  g iv e n  
between t h e  number o f  c a s e s  o f  p y u r i a  o c c u r r i n g  i n  boys and 
g i r l s  who were  a d m i t t e d  w i t h  t h i s  c o n d i t i o n .  A s tu d y  o f  t h e s e  
f i g u r e s  shows t h a t  u r i n a r y  i n f e c t i o n  a3  a  c o m p l i c a t i o n  o f  
g a s t r o e n t e r i t i s  was f o u r  t im e s  more f r e q u e n t  i n  t h e  g i r l s  than  
th e  boys and t h a t  46.0$ o f  t h e  g i r l s  who were a d m i t t e d  to 
h o s p i t a l  w i t h  t h i s  c o n d i t i o n  deve loped  p y u r i a .
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T a b le  10
Comparison be tw een  c a s e s  o f  Gas t r o e n t e r i t i s  and 
a ec o n d a ry  u r i n a r y  i n f e c t i o n
u n £  j u i j  ffu& sen c c t  k c J
Table 10 g i v e s  a com par ison  be tw een  t h e  number o f  c a s e s  
o f  e n t e r i t i s  u n d e r  t r e a t m e n t  e a c h  month and th e  c a s e s  of  
s e co nd a ry  p y u r i a .  I t  w i l l  be seen  t h a t  w i t h  th e  e x c e p t i o n  o f  
th e  months o f  August  and September  th e  two d i s e a s e s  t end ed  to 
r u n  a  p a r a l l e l  c o u r s e ,  t h e r e  b e in g  an  i n c r e a s e  i n  t h e  number 
o f  c h i l d r e n  d e v e lo p in g  u r i n a r y  i n f e c t i o n  when th e  r a t e  o f  
g a s t r o i n t e s t i n a l  u p s e t s  was h i g h e s t .
The d i s e a s e s  o f  t h e  u p p e r  r e s p i r a t o r y  t r a c t  unde r  
o b s e r v a t i o n  i n c l u d e  c a s e s  of  t o n s i l l i t i s ,  r h i n i t i s ,  o t i t i s  
media  and l a r y n g i t i s .  The t o t a l  number o f  t h e s e  c a s e s  un de r  
t r e a t m e n t  was 70,  o u t  o f  which  number f o u r  c h i l d r e n  ( 5 .7 ^ )  
deve loped  u r i n a r y  i n f e c t i o n ,  a  v e ry  mucja lo w er  f i g u r e  th an  
f o r  t h e  g a s t r o i n t e s t i n a l  c o n d i t i o n s .
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The a k in  l e s i o n s  u n d e r  t r e a t m e n t  c o n s i s t e d  o f  i m p e t ig o ,  
s c a b i e s ,  u r t i c a r i a  and i n f a n t i l e  eczema. Burns  and s c a l d s  
have been  i n c l u d e d  i n  t h i s  s e c t i o n .  Among a  t o t a l  o f  66 o f  
t h e s e  c a s e s  o n l y  f o u r  ( 6 .0 ^ )  d e v e lo p ed  p y u r i a .
The i n c i d e n c e  o f  i n f e c t i o n  i n  t h e  rh e u m a t i c  d i s e a s e s  
( c h o r e a ,  a c u t e  and s u b a c u te  rheumatism) was h i g h e r  t h a n  i n  
t h e  l a s t  two g ro u p s  s i n c e  among 13 c a s e s  t h e r e  were t h r e e  
c a s e s  o f  s e co n da ry  i n f e c t i o n  ( 2 3 . 0 ^ ) .  The number o f  c h i l d r e n  
i n  t h i s  group  was too  sm a l l  f o r  any d e f i n i t e  c o n c l u s i o n s  a s  
to  t h e  f r e q u e n c y  o f  t h i s  c o m p l i c a t i o n  to  be rea ch e d .
S i x t e e n  c h i l d r e n  s u f f e r i n g  from g e n i t o - u r i n a r y  c o n d i t i o n s  
o t h e r  t h a n  a c u t e  p y e l o n e p h r i t i s  were u n d e r  t r e a t m e n t .  These 
comprised  t h r e e  c a s e s  o f  a c u te  f o c a l  n e p h r i t i s ,  and t h i r t e e n  
l o c a l  c o n d i t i o n s  o f  th e  e x t e r n a l  g e n i t a l s  such a s  b a l a n i t i s
U| (|and v a g i n i t i s  which  were be c o n s i d e r e d  s e p a r a t e l y .  Among 
t h e s e  s i x t e e n  c a s e s  t h e r e  were t h r e e  c a s e s  o f  secondary  
i n f e c t i o n  o f  t h e  u r i n e  [18.$%), b u t  h e r e  a g a i n  t h e  number o f  
c h i l d r e n  i n  the  group  i s  too  sm a l l  f o r  any d e f i n i t e  c o n c l u s i o n s  
to  be drawn.
These r e s u l t s  a r e  c o n s i s t e n t  w i t h  t h o s e  o f  Schwartz  
and o t h e r s  and i n d i c a t e  t h a t  u r i n a r y  i n f e c t i o n  i s  a  f r e q u e n t  
c o m p l i c a t i o n  o f  g a s t r o e n t e r i t i s  e s p e c i a l l y  i n  g i r l s .
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8. L o ca l  c o n d i t i o n s
The l o c a l  c o n d i t i o n s  w h ic h  a r 4  c o n s i d e r e d  a s  p o s s i b l e  
p r e c u r s o r s  o f  u r i n a r y  i n f e c t i o n  a r e  b a l a n i t i s ,  p h i m o s i s ,  
v u l v o v a g i n i t i s  and any s e p t i c  c o n d i t i o n  o f  th e  e x t e r n a l  
g e n i t a l s .
O s i e r  (1894) d e s c r i b e d  a  c a s e  o f  c h r o n i c  p y u r i a  
a s s o c i a t e d  w i t h  p h i m o s i s ,  which  o n ly  improved a f t e r  c i rcu m ­
c i s i o n  had been  p e r fo rm e d .  Morse (1909) r e p o r t e d  two c a s e s  
f o l l o w in g  c i r c u m c i s i o n ,  and Thomson (1910) c o n s i d e r e d  t h a t  
p h im o s is  was t h e  p r d d i s p o s i p g  cau se  i n  one o f  h i s  c a s e s ,  and 
n o t e d  t h a t  a n o t h e r  c a se  f o l lo w e d  c i r c u m c i s i o n .  P a t e r s o n  (1931) 
r e p o r t e d  two c a s e s  i n  th e  n e o n a t a l  p e r i o d  which o c c u r r e d  a f t e r  
c i r c u m c i s i o n .  I n  one o f  t h e s e  c a s e s  th e  c h i l d  had n o t  g a in e d  
w e ig h t  w e l l  s i n c e  b i r t h ,  and th e  day a f t e r  c i r c u m c i s i o n  was 
f e v e r i s h  and had pus  and c o l i f o r m  b a c i l l i  i n  t h e  u r i n e .  I t  
i s  q u i t e  p o s s i b l e  h e re  t h a t  i n f e c t i o n  o f  t h e  u r i n e  o f  a  m i ld  
t y p e  had been  p r e s e n t  p r i o r  to  o p e r a t i o n  and had been  the  
cause  o f  t h e  f a i l u r e  to g a i n  w e ig h t .
V u l v o - v a g i n i t i s  i s  u s u a l l y  c o n s i d e r e d  to be a  cau se  of  
u r i n a r y  i n f e c t i o n ,  though  Baginsky (1897) s t a t e d  t h a t  i t  d id  
n o t  o f t e n  g i v e  r i s e  to  t h e  c o n d i t i o n .  I t  i s  p o s s i b l e  t h a t  i n  
many c a s e s  o f  s o - c a l l e d  p y e l o n e p h r i t i s  the  p u s  c e l l s  have come 
from t h e  v a g in a .
52
S e v e n te en  c h i l d r e n  u n d e r  o b s e r v a t i o n  i n  h o s p i t a l  had 
some l o c a l  c o n d i t i o n  o f  t h e  e x t e r n a l  g e n i t a l s .  These i n c l u d e d  
sev en  c a s e s  o f  p h i m o s i s ,  of  which  s i x  were c i r c u m c i s e d  w h i l e  
i n  h o s p i t a l ,  one c a se  o f  b a l a n i t i s  f o l l o w i n g  c i r c u m c i s i o n  a 
week p r e v i o u s l y ,  f o u r  m i l d  c a s e s  o f  v a g i n i t i s  and an  i n f a n t  
aged  e i g h t  days  w h ich  had a  r i t u a l  c i r c u m c i s i o n  p e r fo rm ed .
There  was no c a s e  o f  u r i n a r y  i n f e c t i o n  among t h e  c h i l d r e n  
a d m i t t e d  w i t h  p h i m o s i s ,  e i t h e r  b e f o r e  o r  a f t e r  c i r c u m c i s i o n .  
S c a n ty  pus  c e l l s  were found  i n  th e  u r i n e  o f  the  c h i l d  s u f f e r i n g  
from b a l a n i t i s ,  b u t  t h e  c u l t u r e s  were s t e r i l e  and he had no 
c o n s t i t u t i o n a l  symptoms s u g g e s t i v e  o f  u r i n a r y  i n f e c t i o n .
Among th e  f o u r  c a s e s  o f  v a g i n i t i s  which came u n d e r  t r e a t m e n t  
two were  a d m i t t e d  w i t h  t y p i c a l  symptoms o f  p y e l o n e p h r i t i s  - 
head a ch e ,  v o m i t in g  and p y r e x i a  -  and w i t h  f r e q u e n c y  of  
m i c t u r i t i o n  and d y s u r i a  i n  one c a s e .  These two c h i l d r e n  were 
s i s t e r s  and came i n t o  h o s p i t a l  w i t h i n  a day o r  two o f  each  
o t h e r .  A v a g i n a l  d i s c h a r g e  was p r e s e n t  i n  b o t h  c a s e s  and pus  
and c o l i f o r m  b a c i l l i  were o b t a i n e d  from t h e  u r i n e .  The 
symptoms s u b s id e d  r a p i d l y  w i t h  a l k a l i n e  t r e a t m e n t .  The 
o rgan ism  grown from th e  v a g i n a  was a  s t a p h y lo c o c c u s  i n  one 
c a se  a n d  a n o n -h a e m o ly t i c  s t r e p t o c o c c u s  i n  th e  o t h e r .  The 
o n ly  o t h e r  c a se  o f  u r i n a r y  i n f e c t i o n  f o l lo w in g  a  l o c a l  
c o n d i t i o n  was t h a t  o f  t h e  i n f a n t  which had a  r i t u a l  c i r c u m c is io n
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p e r fo rm ed .  T h is  was fo l lo w e d  by r a p i d  deve lopm ent  o f  t o x i c  
symptoms and ended f a t a l l y  s i x  days a f t e r  o p e r a t i o n  -  d e a t h  
b e in g  due to  a s c e n d i n g  p u r u l e n t  p y e l o n e p h r i t i s  and pyaem ia .  
O b s e r v a t io n  o f  a  l a r g e  number o f  i n f a n t s  upon whom r i t u a l  
c i r c u m c i s i o n  was p e r fo rm ed  f a i l e d  to r e v e a l  ev id en ce  of  
i n f e c t i o n  o f  t h e  u r i n e  i n  any o t h e r  c a s e .
A l th o u g h  l o c a l  g e n i t a l  i n f e c t i o n  must  be c o n s i d e r e d  as  
a p o s s i b l e  p r e c u r s o r  to u r i n a r y  i n f e c t i o n ,  i t  does n o t  a p p e a r  
to  be a  f r e q u e n t  c a u s e .  I t  i s  p o s s i b l e  t h a t  a  m i l d  c y s t i t i s  
sometimes r e s u l t s ,  b u t  t h a t  t h e  symptoms c l e a r  up r a p i d l y  
w i t h o u t  th e  c h i l d  b e in g  a d m i t t e d  to h o s p i t a l .  E x c e p t i o n a l l y  
p y e l o n e p h r i t i s  a p p e a r s  to  r e s u l t  from one o f  t h e s e  c o n d i t i o n s .
9 .  A b n o r m a l i t i e s  o f  t h e  G e n i t o u r i n a r y  t r a c t
Where any l a r g e  s e r i e s  o f  c a s e s  o f  u r i n a r y  i n f e c t i o n  
have been  i n v e s t i g a t e d ,  a  c e r t a i n  number o f  th e  c h ro n ic  ones 
have been  found to  p o s s e s s  a n a t o m i c a l  a b n o r m a l i t i e s  o f  the  
u r i n a r y  t r a c t .  M ix t e r  ('«?*?. ) i n  a  s tu d y  of  185 c a s e s  of  
p y u r i a  u n d e r  o b s e r v a t i o n  i n  t h e  C h i l d r e n ' s  H o s p i t a l ,  Bos ton ,  
found  l e s i o n s  o f  t h e  u r i n a r y  t r a c t  hn 25$, o f  w h ich  80$ were 
amenable  to s u r g i c a l  t r e a t m e n t .  Bugbee (1924) i n  a  s e r i e s  
o f  4 ,0 0 0  a u t o p s i e s  on c h i l d r e n ,  found c o n g e n i t a l  h y d ro n e p h ro s i s  
i n  53 ( 1 . 3 $ ) .  Hyman (1930)  has found th e  i n c i d e n c e  of
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a n a t o m i c a l  m a l f o r m a t io n s  to be a s  h ig h  a s  2 .3 ^  o f  c h i l d r e n  
examined p o s t -m o r te m .
E x c e p t  f o r  t h o s e  c a s e s  which  came to o p e r a t i o n  o r  
a u to p s y  however,  l i t t l e  was known o f  the  a n a t o m i c a l  ab no rm a l- 
a l i t i e s  u n t i l  c y s to s c o p y  and p y e lo g r a p h y  came i n t o  p r a c t i c e ,  
and i t  i s  o n ly  i n  t h e  p a s t  few y e a r s  t h a t  s u f f i c i e n t l y  sm a l l  
i n s t r u m e n t s  have been  a v a i l a b l e  t o  make t h i s  method o f  
t r e a t m e n t  p o s s i b l e  i n  young c h i l d r e n .
I n v e s t i g a t i o n s  by K re ts ch m e r  (1 9 2 7 ) ,  H e a le  (1 9 3 1 ) ,  and 
White (1933) show t h a t  t h e  commonest c o n g e n i t a l  a b n o r m a l i t y  
i n  t h e  u r i n a r y  t r a c t  i s  h y d r o n e p h r o s i s  and h y d r o u r e t e r ,  which 
i s  a p p a r e n t l y  due i n  some c a s e s  to s t r i c t u r e  o f  th e  u r e t e r .
H u rs t  (1930) s u g g e s t s  t h a t  o t h e r s  a re  due to a c h a l a s i a  o f  the  
u r e t e r o v e s i c a l  v a l v e ,  and White  c o n s i d e r s  t h a t  t h e  c o n d i t i o n  
may be a l l i e d  to  H i e r c h s p r u n g ' s  d i s e a s e .  K re ts ch m e r  found 
s t r i c t u r e  o f  the  u r e t e r ,  w i t h  d i l a t a t i o n  above i n  t e n  c a s e s  
o f  c h ro n ic  p y u r i a ,  i n v e s t i g a t e d  by c y s to s c o p y  and in t r a v e n o u s  
p y e lo g r a p h y .  Neale found u n i l a t e r a l  c o n g e n i t a l  h y d r o n e p h r o s i s  
i n  t h r e e  c a s e s ,  and a  b i l a t e r a l  c o n d i t i o n  i n  two o t h e r s .
O th e r  a b n o r m a l i t i e s  o c c a s i o n a l l y  found a r e  a b e r r e n t  
r e n a l  a r t e r y ,  h o r s e - s h o e  k i d n e y ,  c o n g e n i t a l  c y s t i c  k id n e y s ,  
sarcoma o f  i n f a n t s ,  k in k e d  o r  double  u r e t e r s ,  c o n g e n i t a l  v a l v e s  
i n  t h e  u r e t h r a ,  v e s c i c o v a g i n a l  o r  r e c t a l  f i s t u l a  and hypospadius.
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White  found  one c a se  o f  a b e r r e n t  r e n a l  a r t e r y ,  p r o d u c in g  
h y d r o n e p h r o s i s  and c h r o n i c  p y u r i a  i n  a  c h i l d ,  which was 
amenable  to  s u r g i c a l  t r e a t m e n t .  C r a ig  (1935) r e p o r t e d  a 
f a t a l  c a se  o f  p y e l o n e p h r i t i s  i n  a  boy o f  a  few days o ld  i n  
which  a h o r s e - s h o e  k id n e y  was p r e s e n t .
B. ACQUIRED ABNORMALITIES
The a c q u i r e d  a b n o r m a l i t i e s  which g iv e  r i s e  to  c h ro n ic  
p y u r i a  may a l s o  be i n v e s t i g a t e d  by c y s to s c o p y  and p y e lo g ra p h y .  
The most  f r e q u e n t  c a u se  i s  a c a l c u l u s  i n  some p a r t  o f  the  
u r i n a r y  t r a c t .  K re tschm er  found a  S S & i  c a l c u l u s  once ,  s to n e  
i n  t h e  u r e t e r  tw ic e  and v e s ^ i c a l  c a l c u l u s  once i n  a n  i n v e s t ­
i g a t i o n  of  c h i l d r e n  w i t h  u r i n a r y  i n f e c t i o n .  White  found 
r e n a l  c a l c u l u s  p r e s e n t  on t h r e e  o c c a s i o n s ,  and a  s to n e  i n  the  
u r e t e r  tw ice  and i n  th e  b l a d d e r  once.
T u b e r c u lo s i s  of  t h e  k id n ey  i n  c h i l d r e n  a p p e a r s  to  be 
more f r e q u e n t  t h a n  has been  supposed ,  and was found  seven 
t im e s  by White  i n  an  i n v e s t i g a t i o n  o f  50 c a s e s .  K re tschm er  
found t h e  c o n d i t i o n  p r e s e n t  i n  f i v e  o u t  o f  52 c a s e s .  Sarcoma 
o c c a s i o n a l l y  o c c u r s  and was found t h r e e  t im es  i n  each  o f  the  
above i n v e s t i g a t i o n s .
Phim osis  has a l r e a d y  been  r e f e r r e d  to  a s  a  cau se  of  
ch ro n ic  p y u r i a  and c i r c u m c i s i o n  i s  then  i n d i c a t e d .
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A b n o r m a l i t i e s  of  t h e  g e n i t o - u r i n a r y  t r a c t ,  w he th e r  
c o n g e n i t a l  o r  a c q u i r e d  may l e a d  to u r i n a r y  i n f e c t i o n .  I f  
th e  c o n d i t i o n  f a i l s  t o  respond  to t h e  u s u a l  methods o f  
t r e a t m e n t  o r  r e c u r r e n t  a t t a c k s  o c c u r ,  some a b n o r m a l i t y  o f  
t h e  t r a c t  sh ou ld  be s u s p e c t e d ,  and i n v e s t i g a t i o n s  by means 
o f  X - r a y s , c y s t o s c o p y  and p y e lo g r a p h y  should  be employed.
10.  D e h y d r a t io n
I t  has  a l r e a d y  been shewn t h a t  u r i n a r y  i n f e c t i o n  
f r e q u e n t l y  f o l l o w s  g a s t r o e n t e r i t i s .  S e v e r a l  f a c t o r s  a r e  
p r o b a b l y  con ce rn ed  i n  i t s  p r o d u c t i o n .  Damage to th e  i n t e s t i n a l  
mucous membrane may r e n d e r  p o s s i b l e  the  escape  o f  o rgan ism s  
from th e  bowel to  t h e  b lo o d  s t r e a m .  I t  i s  w e l l  known t h a t  
o rg a n i s m s ,  n o rm a l ly  h a rm le s s  i n  th e  i n t e s t i n a l  t r a c t ,  may 
become p a th o g e n ic  i n  o t h e r  s i t u a t i o n s  o f  the  body. A b so rp t io n  
o f  t o x i c  s u b s t a n c e s  from t h e  i n t e s t i n e  may be a  f u r t h e r  cause  
o f  r e n a l  damage.
D e h y d ra t io n  i s  a  c o n d i t i o n  w h ich  o c c u r s  a s  a  r e s u l t  of  
g a s t r o e n t e r i t i s ,  and was a b s e n t  i n  a l l  t h e  o t h e r  c o n d i t i o n s  to 
which  u r i n a r y  i n f e c t i o n  was se co n da ry .  I f#  t h e r e f o r e ,  seems 
p r o b a b l e  t h a t  i t  may be a  f a c t o r  i n  th e  p r o d u c t i o n  o f  i n f e c t i o n  
o f  th e  u r i n a r y  t r a c t .  Helmholz (1926. 1929) and o t h e r s  have 
shewn t h a t  o rgan ism s  p r e s e n t  i n  th e  b lood  do n o t  damage the
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k i d n e y s  u n l e s s  u r i n a r y  o u t f lo w  i s  i n t e r f e r e d  w i t h  o r  the  
organisms,. i s  v e r y  v i r u l e n t .  When d i a r r h o e a  and v o m i t in g  a r e  
s e v e r e ,  a n u r i a ,  p a r t i a l  o r  c o m p le te ,  o c c u r s ,  owing to l o s s  
o f  body f l u i d ,  and i f  o rgan ism s  a r e  p r e s e n t  i n  the  b lood  
s t r e a m  t h e  k id n e y  f a i l s  to e x c r e t e  them and p y e l o n e p h r i t i s  
may o c c u r .
U r i n a r y  i n f e c t i o n  i n  the  n e o n a t a l  p e r i o d  i s  a n o th e r  
c o n d i t i o n  which may be dependen t  upon d e h y d r a t io n .  O b s e rv a t io n  
o f  a  l a r g e  s e r i e s  o f  young i n f a n t s  by Graham (1 9 2 5 ) ,  Conrad 
(1926) and C ra ig  (1935)  show t h a t  symptoms o f  u r i n a r y  i n f e c t i o n  
m ost  f r e q u e n t l y  make t h e i r  a p p ea ra n c e  between t h e  second and 
f o u r t h  days of  l i f e .  A s tu d y  o f  th e  new-born c h i l d  shows t h a t  
n o r m a l ly  l o s s  o f  w e ig h t  t a k e s  p l a c e  f o r  two days ,  th e  lo w e s t  
w e ig h t  be in g  r e a c h e d  a b o u t  the  t h i r d  day o f  l i f e .  Where a 
p r a c t i c e  i s  made o f  r e c o r d i n g  t h e  morning and evening  tem per­
a t u r e  o f  t h e  i n f a n t ,  i t  i s  n o t  uncommon to f i n d  t h a t  s l i g h t  
p y r e x i a  d e v e lo p s  a b o u t  t h i s  t im e .  E xam ina t ion  r a r e l y  r e v e a l s  
any p h y s i c a l  s i g n s  to a c c o u n t  f o r  t h i s  e x c e p t  p e rh a p s  t h a t  the  
c h i l d  sm e l l s  of  a c e t o n e  and th e  u s u a l  d i a g n o s i s  i s  " d e h y d ra t io n  
f e v e r " .  I f  a  r o u t i n e  e x a m in a t io n  o f  the  u r i n e  i s  made i n  a l l  
t h e s e  c a s e s ,  pus and o rgan ism s  w i l l  be found i n  a  c e r t a i n  
number. The ty pe  o f  o rgan ism  v a r i e s ,  c o l i f o r m  b a c i l l u s ,
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s t r e p t o c o c c u s  o r  s t a p h y lo c o c c u s  b e in g  t h e  u s u a l  in v ad e rs .
I t  seems p r o b a b l e  t h a t  a s  th e  p y r e x i a  a lm o s t  a lw ays  o c c u r s  
when t h e  w e ig h t  of  th e  c h i l d  i s  l o w e s t ,  t h e  two c o n d i t i o n s  
a r e  a s s o c i a t e d .  Dur ing  t h e  f i r s t  two or  t h r e e  days o f  l i f e  
t h e  f l u i d  i n t a k e  i s  s m a l l ,  w hi le  f l u i d  i s  l o s t  from t h e  bowel 
and s k i n ,  and i f  t h i s  l o s s  i s  n o t  made up t h e r e  i s  an i n t e r ­
f e r e n c e  w i t h  th e  u r i n a r y  o u t p u t .  I t  i s  p o s s i b l e  i n  a  few 
c a s e s  t h a t  o rg an ism s  have g a in e d  a c c e s s  to  the  b lo o d  s t ream  
th r o u g h  a b r a s i o n s  i n  t h e  s k i n ,  t h e  c u t  end o f  t h e  c o rd ,  o r  
even  b e f o r e  b i r t h  fh r o u g h  th e  p l a c e n t a .  I f  t h e  i n f a n t  in  
q u e s t i o n  i s  a l l o w e d  to  become d e h y d ra t e d  and s t a s i s  o f  k id ney  
f u n c t i o n  r e s u l t s ,  r e n a l  i n f e c t i o n  may o c c u r ,  w i t h  r e s u l t a n t  
p y e l o n e p h r i  t i  s.
I n v e s t i g a t i o n  o f  twelve  i n f a n t s  d ev e lo p in g  p y r e x i a  i n  
th e  n e o n a t a l  p e r i o d  showed t h a t  th e  u r i n e  o f  f i v e  c o n ta in e d  
pus  and o rg an ism ^ .  I n  fo u r  c a s e s  p y r e x i a  deve loped  on the  
second ,  t h i r d ,  f o u r t h  and f i f t h  day o f  l i f e  r e s p e c t i v e l y ,  i n  
each  c a s e  when th e  w e igh t  was l o w e s t .  The f i f t h  c h i l d  d id  
n o t  dev e lo p  symptoms t i l l  t h e  s e v e n t h  day,  e x ce p t  t h a t  she 
had c o n t in u e d  to l o s e  weigh t  u n t i l  t h i s  t im e.  The f i r s t  fo u r  
c a s e s  re sp o nd ed  a t  once to a d e q u a te  amounts o f  f l u i d  and a 
sm a l l  q u a n t i t y  o f  a l k a l i ,  and w i t h  the  r i s e  i n  w e igh t  the
t e m p e r a t u r e  f e l l  and th e  u r i n e
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Cte.r t  6. P y r e x i a  on f o u r t h  day o f  l i f e  due to p y u r i a .
S ta p h y lo c o c c u s  a u re u s  was grown from th e  u r i n e .
The f i f t h  c a s e ,  th e  o n ly  g i r l  i n  t h e  s e r i e s ,  was more 
s e v e r e  and ended f a t a l l y .
A lthough  a  s t a t e  o f  d e h y d ra t io n  does no t  a cco un t  f o r  
e v e ry  c a s e  o f  u r i n a r y  i n f e c t i o n ,  i t  a p p e a r s  to be a  f a c t o r  
o f  some im p o r tan c e  i n  i t s  development ,  and a f f o r d s  a p o s s i b l e  
e x p l a n a t i o n  of  t h e  h ig h  in c id e n c e  o f  c a s e s  fo l lo w in g  g a s t r o ­
e n t e r i t i s ,  and of  t h o s e  c a s e s  which  o c cu r  d u r in g  the  f i r s t  
few days  of  l i f e .
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11.  O th e r  f a c t o r s
A few o t h e r  f a c t o r s  which may be conce rned  i n  the  
deve lopm ent  o f  u r i n a r y  i n f e c t i o n  rem ain  to be c o n s i d e r e d .
The s o c i a l  p o s i t i o n  of  t h e  c h i l d  does n o t  a p p e a r  to 
have much i n f l u e n c e  and Thomson (1910) c o n s i d e r s  t h a t  the  
c o n d i t i o n  i s  e q u a l l y  common among w e l l - t o - d o  c h i l d r e n  and 
t h o s e  o f  p o o r e r  c l a s s e s ,  b u t  i t  i s  d i f f i c u l t  to  o b t a i n  f i g u r e s  
to p ro v e  t h i s .  I t  i s  p r o b a b l e ,  however, t h a t  secondary  
i n f e c t i o n  i s  more common among th e  h o s p i t a l  c l a s s e s ,  a s  th e s e  
c h i l d r e n  a r e  more l i k e l y  to  c o n t r a c t  g a s t r o e n t e r i t i s ,  r e s p i r ­
a t o r y  and s k i n  i n f e c t i o n s .  There does n o t  a p p e a r  to be much 
te n d e n c y  f o r  more t h a n  one member o f  a  f a m i ly  to develop  the 
c o n d i t i o n ,  a l t h o u g h  two o f  th e  c h i l d r e n  o f  t h i s  s e r i e s  were 
s i s t e r s ,  b u t  h e re  v a g i n i t i s  had been th e  p r e d i s p o s i n g  cause .
The d i e t  o f  t h e  c h i l d  i s  o f  im p or tan ce .  P y e l o n e p h r i t i s  
i s  r a r e  i n  b r e a s t - f e d  i n f a n t s ,  o c c u r r i n g  a lm os t  e x c l u s i v e l y  
i n  t h o s e  who a r e  a r t i f i c i a l l y  f e d .  A h i s t o r y  o f  r e c e n t  change 
o f  d i e t  o r  weaning i s  o f t e n  o b t a in e d .  Among e i g h t  i n f a n t s  in  
t h i s  s e r i e s ,  below the  age o f  n in e  months ,  who developed 
u r i n a r y  i n f e c t i o n  a l l  b u t  one were a r t i f i c i a l l y  f e d ,  and in  
one c a se  t h e  m i lk  had been changed from "Cow and Gate" to 
U e s t l S s  a  week b e f o r e  the  i l l n e s s  deve loped .
E n u r e s i s  i s  sometimes c o n s id e r e d  to be a  p r e d i s p o s i n g  
c au se  o f  i n f e c t i o n ,  b u t  i t  seems p o s s i b l e  t h a t  the  c o n d i t i o n
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i t s e l f  may be a  symptom o f  m i ld  c h ro n ic  p y u r i a .  A h i s t o r y  
o f  e n u r e s i s  was o b t a i n e d  i n  two o f  the  p r im a ry  and one o f  
t h e  s e c o n d a r y  c a s e s .  These c h i l d r e n  were aged seven ,  e i g h t  
and f o u r  y e a r s  r e s p e c t i v e l y  and were o f  a v e rage  i n t e l l i g e n c e  
i n  e v e r y  o t h e r  way.
The i n f l u e n c e  o f  movements o f  the  body has a l r e a d y  
been  r e f e r r e d  to  and i t  does n o t  seem t h a t  e x e r c i s e  o r  the  
l a c k  o f  i t  p l a y s  any p a r t  i n  the  p r o d u c t i o n .  I t  has  been 
s u g g e s t e d  t h a t  p y e l o n e p h r i t i s  i s  more l i k e l y  to develop  in  
c h i l d r e n  who have n o t  y e t  l e a r n e d  to  walk ,  f o r  t h i s  r e a so n ,  
b u t  t h e r e  i s  l i t t l e  ev idence  to s u p p o r t  t h i s  view.
CLINICAL FEATURES 
P y e l o n e p h r i t i s  i n  c h i l d r e n  may be d iv id e d  i n t o  two 
main  g r o u p s ,  a c c o r d i n g  to th e  age  o f  t h e  c h i l d .
The f i r s t  group  i n c l u d e s  m a in ly  th o se  c a s e s  o c c u r r i n g  
i n  i n f a n t s  below t h e  age o f  one y e a r ,  to  which Thomson (1902) 
drew a t t e n t i o n .  The c h i l d ,  most o f t e n  a  g i r l ,  w h i le  a p p a r e n t l y  
i n  good h e a l t h ,  i s  su d d e n ly  seen  to s h i v e r  or  have a  d e f i n i t e  
r i g o r ,  and a  few moments l a t e r  i s  found to be r a t h e r  b lu e  and 
c o l d .  The t e m p e r a t u r e  i s  r a i s e d  and t h e r e a f t e r  run s  a  h igh ,  
i r r e g u l a r ,  r e m i t t e n t  c o u rs e .  While the  f e v e r  i s  a t  i t s  h e ig h t
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t h e  c h i l d  i s  p a l e  and i r r i t a b l e ,  r e s e n t s  b e in g  h and led  and 
sometimes screams o u t  a s  though  i n  p a i n .  P e r i o d s  o f  d ro w s in e ss  
and i r r i t a b i l i t y  a l t e r n a t e  w i t h  e a c h  o t h e r .  At i n t e r v a l s  the  
i n f a n t  i s  q u i t e  b r i g h t ,  b u t  soon p a s s e s  a g a i n  i n t o  t h a t  s t a t e  
w h ich  has been  d e s c r i b e d  a s  one of  "wakeful  m is e r y " .  The 
u r i n a r y  o u t p u t  i s  d im in i s h e d  and a n u r i a  may be p r e s e n t  f o r  
lo n g  p e r i o d s .  ¥ o m i t i n g  i s  a  c h a r a c t e r i s t i c  symptom, t h i r s t  
i s  m arked ,  and g r e e n  s t o o l s  a r e  u s u a l l y  p r e s e n t .  The a t t a c k s  
o f  b l u e n e s s  and c o l l a p s e  tend  to r e c u r  a t  i n t e r v a l s .
I f  t h e  p r e v i o u s  h e a l t h  i s  i n q u i r e d  i n t o  i t  w i l l  be 
found t h a t  i n  most  c a s e s  t h e r e  has been some r e c e n t  m i ld  
i n t e s t i n a l  de rangem ent  such a s  c o n s t i p a t i o n  o r  a  g ree n  s t o o l .
The m a j o r i t y  of t h e s e  i n f a n t s  a r e  a r t i f i c i a l l y  fed  and i t  i s  
o f t e n  found t h a t  t h e  typ e  of  m i lk  has  been changed r e c e n t l y  
o r  th e  c h i l d  has been  weaned.
The m a j o r i t y  o f  c a s e s  unde r  t r e a tm e n t  r e c o v e r ,  the  
d u r a t i o n  o f  t h e  i l l n e s s  v a r y i n g  from a  few days to s e v e r a l  
weeks.
C h a r t  7 shows t h e  c o u rse  o f  the  d i s e a s e  i n  a baby g i r l  
aged  seven  and a h a l f  months who was a d m i t te d  to h o s p i t a l  an 
t h e  t h i r d  day o f  i l l n e s s  and whose symptoms and p r o g r e s s  were 
so c h a r a c t e r i s t i c  of  the  c o n d i t i o n  a s  to be worthy  o f  
r e c o r d i n g  i n  d e t a i l .
«
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C h a r t  7. Acute p y e l o n e p h r i t i s  i n  a g i r l  aged 
7-g- months .
H i s t o r y . The c h i l d  was i n  good h e a l t h  u n t i l  2 .1 1 .3 6  when 
she su d d e n ly  became s h i v e r y  and vo m i te d .  The m other  v o l u n te e r e d  
t h e  i n f o r m a t i o n  t h a t  she was "w e l l  one moment and i l l  th e  n e x t " .  
D ur ing  t h e  day she became f e v e r i s h  and v e ry  i r r i t a b l e ,  though 
f o r  s h o r t  p e r i o d s  she  seemed q u i t e  normal a g a i n .  The f o l lo w in g  
day she had a t t a c k s  o f  b l u e n e s s  and s h i v e r i n g  and a  d o c to r  
c a l l e d  i n  i n  t h e  ev en ing  found the  t e m p e r a tu re  to be 104°.
She was a d m i t t e d  t o  h o s p i t a l  4 .1 1 .3 6 .
P a s t  H i s t o r y . The c h i l d  had a lways been  h e a l t h y .  She had 
been  b r e a s t  fed  u n t i l  she was s i x  weeks o ld  and t h i s  had then
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been changed  to  N e s t l e s  m i l k .  A week b e f o r e  t h e  o n s e t  o f  
symptoms t h i s  had a g a i n  been changed to "Cow and G a te " .  There  
was no h i s t o r y  o f  i n t e s t i n a l  derangem ent .
On a d m is s io n  to h o s p i t a l  t h e  c h i l d  was seen  to be w e l l  
n o u r i s h e d ,  b u t  v e r y  p a l e  and c r o s s ,  s c rea m in g  ev e ry  t ime she 
was to u c h e d .  She had a  s l i g h t  cough. The t e m p e r a t u r e  was 
1 0 1 .4 ,  p u l s e  160 and r e s p i r a t i o n s  40. A th o ro u g h  e x a m in a t io n  
f a i l e d  to r e v e a l  any p h y s i c a l  s i g n s  o f  d i s e a s e .  A c a t h e t e r  
specimen o f  u r i n e  was found to  c o n t a i n  pus c e l l s  and c o l i f o r m  
b a c i l l i .
P r o g r e s s . The day a f t e r  a d m is s io n  the  i n f a n t  was v e r y  
i r r i t a b l e  and a l t h o u g h  she took  h e r  f e e d s  w e l l  t h e r e  was a 
t endency  to vom it  them. S t o o l s  were norm al .  During  t h e  n e x t  
few days she rem ained  v e r y  f r e t f u l ,  w i th  o c c a s i o n a l  i n t e r v a l s  
when she  was q u i t e  b r ig h t^ -  A l i t t l e  v o m i t in g  o c c u r r e d .  On 
th e  s i x t h  and s e v e n t h  days a f t e r  a d m is s io n  she became d u l l  and 
drowsy,  r e f u s e d  f e e d s  and had s e v e r a l  r e l a x e d  s t o o l s .  Towards 
th e  ev en ing  o f  th e  s e v e n t h  day she became much b r i g h t e r ,  s a t  
up i n  h e r  c o t  and began to t a k e  an  i n t e r e s t  i n  t h i n g s .
T h e r e a f t e r  r e c o v e r y  was u n e v e n t f u l .
The d i s e a s e  a s  i t  o c c u r s  i n  o l d e r  c h i l d r e n  does  n o t  
p r e s e n t  the  same c h a r a c t e r i s t i c s  a s  i n  i n f a n c y .  The o n s e t  i s  
u s u a l l y  l e s s  a b r u p t ,  t h e  symptoms o f t e n  coming on so i n s i d i o u s l y
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t h a t  t h e  m o the r  i s  u n a b le  t o  say  when th e  c h i l d  f i r s t  became 
i l l .  The p a l l o r ,  l i s t l e s s n e s s ,  l o s s  o f  a p p e t i t e  and s l i g h t  
p y r e x i a  w h ich  o c c u r  sometimes s u g g e s t  t y p h o id  f e v e r .  There 
may be n a u se a  and v o m i t i n g  e a r l y  i n  th e  d i s e a s e  and headache 
i s  o f t e n  one of  i t s  f i r s t  symptoms. Many o f  t h e  c h i l d r e n  
com pla in  o f  p a i n  i n  t h e  abdomen o r  l o i n ,  and g e n e r a l i s e d  
a c h i n g  p a i n s  i n  t h e  back  and l im b s  may o c c u r .  .Frequency o f  
m i c t u r i t i o n  and d y s u r i a  a r e  sometimes marked symptoms. The 
extreme i r r i t a b i l i t y  and r e s t l e s s n e s s  so common i n  i n f a n t s  
i s  n o t  o f t e n  found i n  o l d e r  c h i l d r e n .  A few c a s e s  come on 
a c u t e l y  w i t h  h ead a ch e ,  v o m i t i n g ,  abdom inal  p a i n  and f r e q u e n c y  
o f  m i c t u r i t i o n ,  b u t  th e  r i g o r s  and a t t a c k s  o f  c y a n o s i s  and 
c o l l a p s e  which  a r e  so c h a r a c t e r i s t i c  o f  th e  d i s e a s e  i n  i n f a n c y  
do n o t  o c c u r .  P a l l o r  and p u f f i n e s s  o f  the  f a c e  i s  sometimes 
th e  f i r s t  symptom.
On i n q u i r i n g  i n t o  t h e  p a s t  h i s t o r y  i t  i s  n o t  uncommon 
to  f i n d  t h a t  an o t h e r w i s e  normal c h i l d  of  s i x  o r  seven y e a r s  
has  s u f f e r e d  from n o c t u r n a l  e n u r e s i s  a l l  i t s  l i f e ,  and a 
h i s t o r y  o f  p r e v i o u s  "k idney  t r o u b l e "  i s  sometimes o b t a i n e d .
On e x a m in a t io n  t h e  c h i l d  lo o k s  p a l e  and i l l .  There 
may be o n ly  s l i g h t  p y r e x i a  o r  th e  t e m p e r a t u r e  may be h igh .
As a  r u l e  a  c o r r e s p o n d i n g  i n c r e a s e  i n  p u l s e  r a t e  i s  found,  
b u t  sometimes i n  s p i t e  o f  p y r e x i a  th e  p u l s e  r a t e  rem a ins  a b o u t
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80 p e r  m in u te .  L i t t l e  i s  found  i n  t h e  way o f  p h y s i c a l  s i g n s  
b u t  t h e r e  may be t e n d e r n e s s  i n  one o r  b o t h  l o i n s  o r  i n  th e  
abdomen.
The p r o g r e s s  i s  v a r i a b l e .  The symptoms i n  a  m i ld  
c a se  ten d  to  s u b s id e  a s  soon a s  t r e a t m e n t  i s  s t a r t e d ,  b u t  
t h e  more se v e re  c a s e  c o n t i n u e s  f o r  a  v a r y i n g  number o f  weeks.  
R e la p s e s  a r e  common, b u t  the  u l t i m a t e  p r o g n o s i s  i s  e x c e l l e n t .
C o n s i d e r a t i o n  must  be g iv e n  to t h a t  g roup  o f  c a s e s  
which  o c c u r  d u r i n g  t h e  c o u r s e  of  a n o t h e r  d i s e a s e .  A se v e r e  
ty p e  o f  i n f e c t i o n  c o m p l i c a t e s  g a s t r o e n t e r i t i s  i n  i n f a n t s ,  b u t  
t h e  c o n d i t i o n  a p p e a r s  to  be m i ld  a f t e r  o t h e r  i l l n e s s e s ,  
though  c h a r a c t e r i s t i c  symptoms may o c c u r ,  tfhere p y r e x i a  i s  
a l r e a d y  p r e s e n t  i t  may be d i f f i c u l t  to say  when th e  u r i n a r y  
i n f e c t i o n  began .  I n  o t h e r  c a s e s  the  symptoms a r e  so m i ld  
t h a t  beyond a l i t t l e  m a l a i s e  n o t h in g  i s  n o t i c e d  to be wrong 
w i t h  t h e  c h i l d ,  b u t  p y u r i a  i s  d i s c o v e r e d  on r o u t i n e  examin­
a t i o n  o f  t h e  u r i n e .
Char t  12 shows t h e  c o u r s e  o f  a  t y p i c a l  s e co nd a ry  c a se .  
T h is  c h i l d ,  a g i r l  aged  seven y e a r s ,  was r e c o v e r i n g  from 
s u b a c u te  rheumatism and su dd e n ly  d e v e lo p ed  headache ,  v o m i t in g  
and p y r e x i a .  The f o l l o w i n g  day pus  and c o l i f o r m  b a c i l l i  were 
p r e s e n t  i n  t h e  u r i n e .  The c o n d i t i o n  r a p i d l y  s u b s id e d ,  the
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c h i l d  f e e l i n g  q u i t e  w e l l  i n  t h r e e  d a y s ,  th o ug h  t h e  u r i n e  was 
n o t  f r e e  from pus  f o r  two weeks.
Tah le  11 g i v e s  a  com par ison  between t h e  c h i e f  symptoms 
i n  t h e  two g roups  o f  c a s e s ,  and i n c l u d e s  tw en ty  t h r e e  c h i l d r e n  
o v e r  one y e a r  o ld  and n i n e  below one y e a r .  A s tu d y  o f  t h i s  
shows t h a t  t h e  symptoms were q u i t e  d i f f e r e n t  i n  th e  two 
g r o u p s ,  w i t h  t h e  e x c e p t i o n  o f  v o m i t i n g  and p a l l o r ,  which  
o c c u r r e d  i n  a h i g h  p e r c e n t a g e  o f  c a s e s  i n  each  group .
Table 11.
Com par iso n  of  symptoms i n  t h e  two age g roups  
Group I .  23 c a s e s  o v e r  one y e a r  
Group I I .  9 c a s e s  below one y e a r
SYMPTOM Group I . P e r c e n t . Group I I . P e r c e n t .
Vom it ing 17 74 8 88
D i a r r h o e a 6 26 9 100
C o n s t i p a t i o n 7 30 0 0
Abdominal p a in 11 48 ? ?
Headache 5 21 9 9
F re q u en c y  o f  m i c t u r i t i o n 9 39 0 0
D y s u r ia 6 26 0 0
D im in ish ed  u r i n a r y  o u t p u t 1 4 2 22
I r r i t a b i l i t y 3 13 4 44
P a l l o r 10 42 5 55
A t t a c k s  o f  Cyanosis 0 0 2 22
S h i v e r i n g 0 0 1 11
Meningismus 1 4 1 11
Oedema 2 8 1 11
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P y r e x i a
A s tu d y  o f  th e  p y r e x i a  a s s o c i a t e d  w i t h  u r i n a r y  
i n f e c t i o n  i n  c h i ld h o o d  shows n o t h i n g  c o n s t a n t , ' b u t  c e r t a i n  
o f  i t s  f e a t u r e s  a r e  so c h a r a c t e r i s t i c  a s  to  be w o r th  n o t i n g .
I n  a  t y p i c a l  c a se  th e  t e m p e r a t u r e  r u n s  a  h ig h  i r r e g u l a r  
r e m i t t e n t  c o u r s e ,  o f t e n  r e a c h i n g  105° or  more, th e  h i g h e s t  
p o i n t  u s u a l l y  b e in g  i n  the  e v e n in g s  and th e  l o w e s t  p o i n t  
e a r l y  i n  t h e  m orn ing .  I t  f r e q u e n t l y  shows s i g n s  o f  becoming 
n o rm a l ,  o n ly  to r i s e  a g a i n  i n  a  few ho u rs  to a s  h i g h  o r  h i g h e r  
l e v e l s .  I n  a f a v o u r a b l e  case  th e  f e v e r  s u b s i d e s  by l y s i s ,  
w h i l e  i n  o t h e r s  i t  o n ly  r e a c h e s  normal  a f t e r  a  lo n g  s e r i e s  
o f  i r r e g u l a r  r i s e s  and f a l l s .  , I n  many c a s e s  a  s l i g h t  
ev en in g  t e m p e r a t u r e  p e r s i s t s  f o r  days o r  weeks a f t e r  th e  
a c u t e  symptoms have s u b s id e d .  R e l a p s e s ,  w i t h  a  r e t u r n  o f  
a l l  symptoms and h igh  f e v e r  a r e  common, and lo n g  a f t e r  th e  
c h i l d  i s  c o n v a l e s c e n t  t h e r e  may be sudden e l e v a t i o n s  o f  
t e m p e r a t u r e  to a  h ig h  l e v e l  f o r  a  few h o u r s .  (CA&rt 5")
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C h a r t  8 .  P y e l o n e p h r i t i s .  G i r l ,  aged  7 y e a r s
There  i s  p e rh a p s  no d i s e a s e  i n  which  t h e  p y r e x i a  i s  
more v a r i a b l e  i n  c h a r a c t e r ,  and a l l  ex t re m e s  a r e  met w i t h  
from t h e  m i ld  c a s e  where t h e  t e m p e r a t u r e  s e t t l e s  im m ed ia te ly  
w i t h  t r e a t m e n t  to  t h e  r a p i d l y  f a t a l  one which ends w i t h  
h y p e r p y r e x i a  ( C h a r t s  8 ,  9 and 1 0 ) .
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Cha r t  1 0 , H y perpyrex ia  i n  a  f a t a l  c a se  of . j ^ e loneg . t o i t i s  
G i r l  aged  6 months .
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I t  sometimes happens t h a t  h i g h  f e v e r  i s  found  i n  a 
c h i l d  w h ic h  p r e s e n t s  a l l  t h e  symptoms and  s i g n s  o f  p y e l o ­
n e p h r i t i s ,  w i t h o u t  pu s  b e in g  found i n  t h e  u r i n e .  T h is  may 
o c c u r  b e f o r e  th e  d i a g n o s i s  h a s  been  e s t a b l i s h e d  o r  l a t e r  i n  
a  known c a s e  o f  p y e l o n e p h r i t i s .  E x a m in a t io n  u s u a l l y  w i l l  
r e v e a l  t e n d e r n e s s  i n  one l o i n  and an  e n l a r g e d  k id n e y  may be 
f e l t .  W i th in  a  day o r  two t h e  t e m p e r a tu re  f a l l s ,  t h e  g e n e r a l  
c o n d i t i o n  im proves  and a  l a r g e  amount o f  p u s  i s  found  i n  t h e  
u r i n e .  (C h a r t  1 1 . )  These c a s e s  a r e  comparab le  to  t h o s e  c a s e s  
o f  a c u t e  p y e l i t i s  o f  p re g n a n c y ,  i n  w h ich  i n t r a v e n o u s  p y e l o ­
g rap h y  r e v e a l s  t h a t  o n ly  one k id n e y  i s  f u n c t i o n i n g .
I t  i s  p o s s i b l e  t h a t  t h e  same c o n d i t i o n  would be found 
i n  t h e  c h i l d  i f  i n t r a v e n o u s  p y e lo g r a p h y  were l e s s  d i f f i c u l t
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The d u r a t i o n  o f  t h e  i n i t i a l  p y r e x i a  v a r i e s  c o n s i d e r ­
a b l y .  I n  a  s e r i e s  o f  c h i l d r e n  t h e  a v e ra g e  number o f  days 
was n i n e ,  t h e  s h o r t e s t  t ime b e in g  two and th e  l o n g e s t  tw e n ty -  
one.
Where p y u r i a  d e v e lo p s  a s  a  c o m p l i c a t i o n  o f  a n o t h e r  
d i s e a s e  i t  i s  sometimes i m p o s s i b l e  to  day d e f i n i t e l y  when 
t h e  p y u r i a  s t a r t e d ,  i f  th e  t e m p e r a t u r e  i s  a l r e a d y  e l e v a t e d .
I n  a  t y p i c a l  a t t a c k  c o m p l i c a t i n g  some m i ld  d i s e a s e  t h e r e  i s  
sudden e l e v a t i o n  o f  t e m p e r a tu re  w i t h  symptoms s u g g e s t i v e  o f  
u r i n a r y  i n f e c t i o n .  ( C h a r t  1 2 ) .  I n  many m i ld  c a s e s  l i t t l e  o r  
no p y r e x i a  o c c u r s .  I n  t h e  c a s e s  se co nd a ry  to g a s t r o e n t e r i t i s  
t h e  i n f e c t i o n  t e n d s  to  be s e v e re  and th e  f e v e r  h ig h .
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C ha r t  12. P v r e x i a due to u r i n a r y  i n f e c t i o n  c o m p l i c a t i n g  
”  su bacu te  rheum atism .  G i r l ,  7 y e a r s .
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Extreme h y p e r p y r e x i a  i s  o f  g rav e  s i g n i f i c a n c e ,  
e s p e c i a l l y  where th e  t e m p e r a t u r e  g r a d u a l l y  r i s e s ,  i n  s p i t e  
o f  t r e a t m e n t  and i n  two f a t a l  c a s e s  i t  r e a c h e d  108° b e f o r e  
d e a t h .  (C h a r t  1 0 ) .
Sudden e l e v a t i o n s  o f  t e m p e r a t u r e  i n  a  c h i l d  who i s  
c o n v a l e s c e n t  f rom p y e l o n e p h r i t i s  a r e  o f t e n  a s s o c i a t e d  w i t h  
c o n s t i p a t i o n  and r a p i d l y  s u b s id e  upon a d m i n i s t r a t i o n  of  
a p p r o p r i a t e  t r e a t m e n t .  (C h a r t  5)
I n  t h e  m a j o r i t y  o f  c a s e s  th e  p u l s e  r a t e  i s  i n c r e a s e d  
and c o r r e s p o n d s  t o  th e  d e g ree  o f  p y r e x i a .  O c c a s i o n a l l y  i n  
o l d e r  c h i l d r e n  t h e  p u l s e  r a t e  i s  s low, g i v i n g  th e  c o n d i t i o n  
th e  c h a r a c t e r i s t i c s  o f  ty p h o id  f e v e r .
Du r a t i o n  o f  i l l n e s s
The d u r a t i o n  o f  an a t t a c k  o f  a c u t e  p y e l o n e p h r i t i s  
shows c o n s i d e r a b l e  v a r i a t i o n .  P o u l s e n  (1923) s t a t e d  t h a t  
i n  a  s e r i e s  o f  43 c h i l d r e n  t h e  a v e rag e  d u r a t i o n  o f  t h i s  
c o n d i t i o n  was e i g h t  weeks.  Neale (1931) i n  an  i n v e s t i g a t i o n  
o f  117 c a s e s  found  t h a t  t h e  l e n g t h  o f  th e  i l l n e s s  v a r i e d  from 
two to f o u r  weeks. C ra ig  (1935) i n  a  s tudy  o f  63 n e o n a t a l  
c a s e s  found  t h a t  s e v e r e  symptoms sometimes p e r s i s t e d  f o r  
s i x  weeks from t h e  t ime o f  o n s e t .
I n  a  s e r i e s  o f  33 n o n - f a t a l  c a s e s  o f  u r i n a r y  i n f e c t i o n  
i n  c h i l d r e n ,  t h e  d u r a t i o n  o f  t h e  i l l n e s s  from th e  o n s e t  o f
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t h e  f i r s t  symptom u n t i l  th e  c h i l d  was c o n s i d e r e d  f i t  f o r  
d i s c h a r g e  from h o s p i t a l ,  v a r i e d  from t e n  to e i g h t y  d ay s ,  th e  
a v e ra g e  t im e  b e in g  t w e n t y - f o u r .  C o n s i d e r a b l e  d i f f e r e n c e  was 
found  t o  e x i s t  be tween the  l e n g t h  o f  a  p r i m a r y  a t t a c k  and one 
c o m p l i c a t i n g  a n o t h e r  d i s e a s e .  The a v e ra g e  d u r a t i o n  o f  the  
p r im a r y  c o n d i t i o n  was t h i r t y - t h r e e  d a y s ,  and t h a t  o f  a 
s e c o n d a ry  a t t a c k  f o u r t e e n .  The l e n g t h  o f  i l l n e s s  a l s o  v a r i e d  
a c c o r d i n g  to  t h e  age  o f  th e  c h i l d ,  b e in g  l o n g e r  i n  t h e  c a s e s  
above th e  age o f  t h r e e  y e a r s .  I n  t h e  yo unger  c h i l d  i t  was 
fou n d  t h a t  t h e  i l l n e s s  was e i t h e r  r a p i d l y  f a t a l ,  o r  responded  
q u i c k l y  to t r e a t m e n t .  Among e i g h t  s u c h  c a s e s  t h e  a v e ra g e  
l e n g t h  o f  t h e  i l l n e s s  was n i n e t e e n  d a y s ,  w h i l e  i n  t h e  group 
o f  25 c h i l d r e n  o v e r  t h r e e  y e a r s  i t  was tw e n ty - s e v e n  days .
Blood Changes
The b lood  p i c t u r e  of  a  c h i l d  s u f f e r i n g  from u r i n a r y  
i n f e c t i o n  shows n o t h i n g  c h a r a c t e r i s t i c .
C a r p e n t e r  (1907) d e s c r i b e d  a  c a s e  o f  s e v e r e  anaemia 
s e co n d a ry  to  c h r o n i c  p y e l o n e p h r i t i s  i n  an i n f a n t  o f  e l e v e n  
months i n  w h ich  th e  b loo d  changes  were th o se  o f  a  m e g a lo c y t i c  
anaem ia .  I  have been  u n ab le  to f i n d  any o t h e r  a c c o u n t  to 
compare w i t h  t h i s  one.
O b s e r v a t io n s  o f  a  s e r i e s  o f  c h i l d r e n  shows t h a t  a 
m i ld  se co n d a ry  anaemia i s  the  u s u a l  b lo od  p i c t u r e  i n  p y e l o -
75
n e p h r i t i s .  I n  a  g roup  o f  s i x t e e n  c a s e s  th e  a v e r a g e  red  
c e l l  c o u n t  was 3 ,5 0 0 ,0 0 0  p e r  c u b ic  m i l l i m e t r e  and  t h e  haemo­
g l o b i n  55%. A m od e ra te  l e u c o c y t o s i s  was g e n e r a l l y  p r e s e n t ,  
t h e  h i g h e s t  c o u n t  b e in g  1 7 ,5 0 0  p e r  cu.mm. I n  some c a s e s  
t h e r e  was no i n c r e a s e  o f  w h i te  c e l l s .  L e u c o c y t o s i s  when 
p r e s e n t  i s  due to  an  i n c r e a s e  o f  g r a n u l a r  c e l l s ,  e s p e c i a l l y  
th e  p o l y n u c l e a r  n e u t r o p h i l s .  I n  t h e  s e r i e s  o f  c a s e s  u n d e r  
o b s e r v a t i o n  t h e  h i g h e s t  number o f  p o l y n u c l e a r  n e u t r o p h i l s  
was 72% and t h e  a v e ra g e  56^. T h is ,  i n  young c h i l d r e n  who 
n o rm a l ly  have a  h i g h  p e r c e n t a g e  o f  lym ph o cy tes  i s  above th e  
norm al  number. A marked i n c r e a s e  i n  t h e  number o f  e o s i n o p h i l s  
sometimes o c c u r s .  I n  t h i s  s e r i e s  o f  c h i l d r e n  t h e  a v e ra g e  
number was 2$, b u t  i n  one c a se  i t  was a s  h i g h  a s  8 .5 % and i n  
a n o t h e r  7%. As r e c o v e r y  t a k e s  p l a c e  t h e r e  i s  a  d im in u t io n  in  
t h e  number o f  g r a n u l a r  c e l l s  w i t h  a r e l a t i v e  i n c r e a s e  of  
ly m p h o c y tes .  T h is  i s  shown i n  the  f o l l o w in g  r e c o r d  o f  a 
c h i l d  o f  t h r e e  y e a r s ,  th e  f i r s t  c o u n t  b e in g  done w h i l e  the  
i l l n e s s  was a t  i t s  h e i g h t ,  and the  second a  month l a t e r ,  when 
she was c o n v a l e s c e n t .
F i r s t  Count Second Count
WBC 13 ,2 50  p e r  cu.mm.
68^
11 ,5 0 0  p e r  cu.mm.
31 %
0
L y m p h o c y t e s
M o n o c y t e s 2%
67% 
2%
Focus  o f  I n f e c t i o n
A f o c u s  o f  i n f e c t i o n  has  f r e q u e n t l y  b e en  h e ld  
r e s p o n s i b l e  f o r  t h e  development  and  p e r s i s t e n c e  o f  p y e l o ­
n e p h r i t i s .  Hodge (1925) s t r e s s e s  th e  im p o r tan c e  o f  r e c o g n i s i n g  
t o n s i l l i t i s  a s  a cau se  o f  s t a p h y l o c o c c a l  p y e l i t i s  and p y e lo -  
n e p h r i t i s ,  a d v o c a t i n g  t o n s i l l e c t o m y  i n  t r e a t m e n t .  King (1931) 
c o n s i d e r s  t h a t  9Q%0 o f  th e  c a s e s  o f  u r i n a r y  i n f e c t i o n  i n  
c h i l d r e n  a r e  due t o  u p p e r  r e s p i r a t o r y  t r a c t  l e s i o n s .
As t h e  m a j o r i t y  o f  c a s e s  o f  p y e l o n e p h r i t i s  a r e  due 
to  t h e  c o l i f o r m  b a c i l l u s  th e  p o s s i b i l i t y  o f  d i r e c t  i n f e c t i o n  
from t h e  u p p e r  r e s p i r a t o r y  p a s s a g e s  can  be e x c lu d e d ,  s i n c e  
th i - s  o rg a n i s m  i s  p r a c t i c a l l y  never  found  i n  t h i s  s i t u a t i o n .
I t  i/s w e l l  known however t h a t  a  s e p t i c  f o c u s  i n  some p a r t  of  
t h e  body may s e t  up a  f o c a l  n e p h r i t i s  and i t  seems p o s s i b l e  
t h a t  t h i s  may be t h e  s t a r t i n g  p o i n t  i n  some o f  th e  c a s e s  o f  
u r i n a r y  i n f e c t i o n .
I n  o r d e r  t o  d e te r m in e  w h e th e r  any p a r t i c u l a r  o rgan ism
-
was c o n s t a n t l y  p r e s e n t  c u l t u r e s  were made from t h e  t h r o a t  i n  
a  g roup  o f  c h i l d r e n  u n d e r  t r e a t m e n t  f o r  p y e l o n e p h r i t i s .  I f  
t h e r e  was any obv ious  f o c u s  o f  i n f e c t i o n  c u l t u r e s  were a l s o  
made f rom  t h i s .
The r e s u l t s  a r e  shown i n  Tab le  12.
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T a b le  1 2 .
ORGANISM T h ro a t Nose E ar Eye T o ta l P e r c e n t .
Haem oly tic
S t r e p t o c o c c u s 11 1 12 80
Pneumococcus 6 6 40
S ta p h y lo c o c c u s
Aureus 2 1 1 4 20
I n  a  g roup  o f  f i f t e e n  c h i l d r e n  u n d e r  t r e a t m e n t  f o r  
p y e l o n e p h r i t i s  h a e m o ly t ic  s t r e p t o c o c c i  were i s o l a t e d  from 
t h e  t h r o a t  e l e v e n  t im e s  and from t h e  n o se  once .  Pneumococci
I
were i s o l a t e d  from th e  t h r o a t  i n  s i x  i n s t a n c e s ,  i n  t h r e e  of  
w h ich  haem oly t i t f  s t r e p t o c o c c i  were  a l s o  found .  S t a p h y lo c o c c u s  | 
a u r e u s  was o b t a i n e d  from t h e  no se  tw ice  and from th e  e a r  and j 
eye once .
I t  w i l l  be seen  t h a t  a  h ig h  p e r c e n t a g e  o f  c h i l d r e n  
u n d e r  t r e a t m e n t  f o r  u r i n a r y  i n f e c t i o n  were c a r r i e r s  o f
J
h a e m o ly t ic  s t r e p t o c o o c i . One o f  t h e s e  c h i l d r e n  was a d m i t t e d  
to  h o s p i t a l  w i t h  a c u t e  n a s o p h a r y n g i t i s  and a n o t h e r  w i t h  
t o n s i l l i t i s ,  b u t  t h e r e  was no a c u t e  l o c a l  c o n d i t i o n  to a cc o u n t  
f o r  t h e  p r e s e n c e  o f  th e  organ ism  i n  the  o t h e r  c a s e s ,  though  
s e v e r a l  c h i l d r e n  hed e n l a r g e d  t o n s i l s .
I t  i s  p o s s i b l e  i n  some of  t h e s e  c a s e s  t h a t  a  m i ld  f o c a l  
n e p h r i t i s  was t h e  p r im a ry  c o n d i t i o n ,  though  t h e r e  was no
e v id e n c e  o f  such  a  c o n d i t i o n  b e in g  p r e s e n t .  j|
r |
,i
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P y e l o n e p h r i t i s  o f  th e  Newborn
U n t i l  1931 a b ou t  t h i r t y  c a s e s  o f  u r i n a r y  i n f e c t i o n  
o c c u r r i n g  d u r in g  t h e  n e o n a t a l  p e r i o d  had been  p u t  on r e c o r d .
I n  t h e  p a s t  few y e a r s  a  l a r g e r  number have been  r e c o g n i s e d  
and r e p o r t e d .
The f i r s t  a c c o u n t  o f  th e  c o n d i t i o n  was g i v e n  by 
K o va lesky  and Moro (1901)  who r e c o r d e d  two c a s e s  o f  B .G o l i  
s e p t i c a e m i a  a s s o c i a t e d  w i t h  pus i n  t h e  u r i n e ,  i n  newborn male 
i n f a n t s .  G oeppar t  (1908) n o t e d  t h a t  th e  c o n d i t i o n  was more 
f r e q u e n t  i n  boys a t  t h i s  a g e .  S a u e r  (1918) showed t h a t  non­
t h r i v i n g  i n  i n f a n c y  was o f t e n  due to  u n s u s p e c t e d  u r i n a r y  
i n f e c t i o n ,  and  found  t h a t  t h e  c o n d i t i o n  was p r e s e n t  i n  f o u r t e e  
o u t  o f  f i f t e e n  i n f a n t s  who had f a i l e d  to g a i n  w e ig h t  a f t e r  
b i r t h .  Graham (1925) gave an a c c o u n t  o f  s i x  c a s e s  i n  the  
n e o n a t a l  p e r i o d ,  t h r e e  o f  which were boys and t h r e e  g i r l s .
The i n f e c t i n g  o rgan ism s  were found  to be B .C o l i  i n  two c a s e s ,  
s t a p h y lo c o c c u s  a u re u s  i n  two c a s e s  and n o n -h a e m o ly t ic  
s t r e p t o c o c c u s  i n  two c a s e s .  Conrad (1926) d i s c u s s e d  
" c o n g e n i t a l l y  a c q u i r e d  p y e l i t i s "  w i t h  r e f e r e n c e  to t h r e e  
fem ale  i n f a n t s ,  i n  whom symptoms came on so r a p i d l y  a f t e r  
b i r t h  a s  to  s u g g e s t  t h a t  i n f e c t i o n  had o c c u r r e d  th r o u g h  t h e  
p l a c e n t a ,  p a r t i c u l a r l y  a s  t h e  m o th e r s  of  two o f  t h e s e  i n f a n t s  
had s u f f e r e d  from p y e l i t i s  d u r in g  p reg n a n cy .  P a t e r s o n  (1931)
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r e p o r t e d  two c a s e s  f o l l o w i n g  c i r c u m c i s i o n  and drew a t t e n t i o n  
to  t h e  p re p o n d e ra n c e  o f  c a s e s  o c c u r r i n g  i n  boys a t  t h i s  age .  
S i x t y  one c a s e s  o c c u r r i n g  d u r in g  th e  f i r s t  two weeks o f  l i f e  
were d e s c r i b e d  by C r a ig  (1 9 3 5 ) ,  f o r t y  o f  w h ich  were boys .
There  a r e  a  few p o i n t s  o f  d i f f e r e n c e  between t h e  neo ­
n a t a l  c a se  and t h a t  o f  th e  o l d e r  c h i l d .  Boys a p p e a r  to be 
a f f e c t e d  r a t h e r  more f r e q u e n t l y  than  g i r l s ,  th e  p r o p o r t i o n  
o f  c a s e s  b e i n g  a b o u t  two to one .  The i n f e c t i n g  o rgan ism  may 
be a  s t a p h y lo c o c c u s  or  a  s t r e p t o c o c c u s ,  w h e rea s  i n  t h e  o l d e r  
i n f a n t  i t  i s  a lm o s t  a lw ays  th e  c o l i f o r m  b a c i l l u s .  These 
v a r i a t i o n s  c a n  be u n d e r s to o d  i f  i t  i s  remembered t h a t  the  
newborn c h i l d  i s  s u b j e c t e d  to r i s k s  o f  i n f e c t i o n  th r o u g h  
s e v e r a l  p a t h s  which do n o t  have to be c o n s i d e r e d  a f t e r  the  
f i r s t  two weeks of  l i f e .  I t  i s  p o s s i b l e  t h a t  i n f e c t i o n  may 
o c c a s i o n a l l y  o c c u r  b e f o r e  b i r t h ,  t h r o u g h  t h e  p l a c e n t a .
D u r in g  t h e  d e l i v e r y  i n f e c t e d  m a t e r i a l  from t h e  b i r t h  c a n a l  
may be swal lowed,  o rg an ism s  l a t e r  p a s s i n g  to t h e  k id n e y s  
from t h e  i n t e s t i n e .  A f t e r  b i r t h  o rgan ism s may g a i n  a c c e s s  
to  t h e  b lo o d  s t r e a m  th r o u g h  t h e  c u t  end o f  th e  u m b i l i c a l  c o rd .
The symptoms come on a b o u t  th e  t h i r d  day o f  l i f e ,  
sometimes e a r l i e r ,  and a r e  most  o f t e n  n o te d  when t h e  c h i l d ’ s 
w e igh t  i s  l o w e s t .  ( C h a r t  6 ) .  There may be l i t t l e  o r  no 
p y r e x i a ,  b u t  a  r i s e  of  t e m p e r a t u r e  to 100° -  103° i s  o f t e n
8 0
th e  f i r s t  s i g n .  The c h i l d  l o o k s  d e h y d r a t e d ,  i t s  b r e a t h  
sm e l l s  o f  a c e t o n e ,  t h i r s t  i s  m arked,  and  a t t a c k s  o f  b l u e n e s s  
or  g r e y i s h  p a l l o r  may o c cu r  from t im e  to t im e .  V om i t in g  i s  
a  f r e q u e n t  symptom, and t h e  s t o o l s  a r e  o f t e n  g r e e n .  I n  o t h e r  
c a s e s  t h e  p r e d o m in a t in g  symptoms a r e  p r o g r e s s i v e  l o s s  o f  
w e i g h t ,  v o m i t i n g  and r e l a x e d  s t o o l s ,  w i t h  o r  w i t h o u t  p y r e x i a .  
These a r e  th e  dangerous  c a s e s ,  i n  t h a t  a s  a l l  t h e  symptoms 
a r e  r e f e r a b l e  t o  t h e  g a s t r o i n t e s t i n a l  t r a c t  t h e  c o r r e c t  
d i a g n o s i s  may be m is se d .
Twenty i n f a n t s ,  s i x t e e n  boys and f o u r  g i r l s ,  who 
d e v e lo p e d  p y r e x i a  d u r in g  t h e  n e o n a t a l  p e r i o d  were i n v e s t i g a t e d  
and  sev en  were found  to have p y u r i a .  J i v e  o f  t h e s e  were boys 
and two g i r l s .  Two of  them were f a t a l  and have a l r e a d y  been 
r e f e r r e d  t o .  One i n f a n t  was s e r i o u s l y  i l l  b u t  r e c o v e r e d  
a f t e r  t r e a t m e n t .  The rem a in in g  f o u r  c a s e s  were m i ld  and 
l i t t l e  t r e a t m e n t  was r e q u i r e d .  The i n f e c t i n g  o rgan ism  was 
found  to  be B .O ol i  i n  t h r e e  c a s e s  and s t a p h y lo c o c c u s  a u re u s  
i n  t h r e e  c a s e s .  Uo c u l t u r e s  were made i n  th e  s e v e n t h  c a se .
The t r e a t m e n t  i s  the  same a s  f o r  o l d e r  c h i l d r e n .  M ild  
c a s e s  improve im m e d ia te ly  th e  f l u i d  i n t a k e  i s  i n c r e a s e d .
Feeds  sh o u ld  be  d i l u t e d  and g iv e n  e v e r y  two h o u r s ,  and e x t r a  
f l u i d  i n  t h e  form  o f  weak s a l i n e  s o l u t i o n  shou ld  be g iv e n  
be tw een  f e e d s .  A l k a l i e s  must  be g iv e n  to a l l  b u t  th e  m i l d e s t
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c a s e s  and t h e  dose m ust  be s u f f i c i e n t  to  r e n d e r  t h e  u r i n e
i
a l k a l i n e .  As much a s  g r . 7 5  i n  t h e  tw en ty  f o u r  h o u r s  may be 
r e q u i r e d  a t  f i r s t .
I n  a l l  c a s e s  where p y r e x i a  d e v e lo p s  i n  t h e  n e o n a t a l  
p e r i o d ,  o r  the  c h i l d  f a i l s  to  t h r i v e ,  th e  p o s s i b i l i t y  o f  u r i n a r y  
i n f e c t i o n  must  be borne  i n  mind, s i n c e  prompt t r e a t m e n t  may be 
t h e  o n ly  chance  o f  s a v in g  t h e  c h i l d ’ s l i f e .
S e v e r i t y  of  i n f e c t i o n
Among th e  c h i l d r e n  who were  a d m i t t e d  to  h o s p i t a l  w i t h  
p y e l o n e p h r i t i s ,  o r  deve loped  t h e  c o n d i t i o n  d u r in g  t h e  c o u rs e  
o f  a n o t h e r  d i s e a s e  th e  i l l n e s s  v a r i e d  i n  s e v e r i t y ,  f rom the  
m i ld  a l m o s t  symptomless  c a se  to  th e  r a p i d l y  f a t a l  one .  The 
m o r t a l i t y  r a t e  f rom t h i s  c o n d i t i o n  i s  shewn i n  Table  13.
TABLE 13 
M o r ta l i ty  Rate in  P y e lo n e p h r i t i s
Cases
under
t r e a t
ment
Deaths P er­
cen t
age
Per­
c e n t ­
age
for
sex
Prim­
a ry
CaseB
Deaths Per­
cen t - 
age
Per-
;ent-
‘ge
for 
3 ex
Second­
a ry
Cases
Deaths P er­
c e n t ­
age
P e r ­
cen t - 
age 
fo r  
sex
T o ta l 43 7 16.2 20 2 10 23 5 21.7
Boys 8 2 4 .6 25 2 0 0 0 6 2 8 .7 33 .3
G ir ls 35 5 11.6 14.2 18 2 10 11.0 17 3 13.0 17.6
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Among the  f d r t y - t h r e e  c a s e s  of  u r i n a r y  i n f e c t i o n  u n d e r  
o b s e r v a t i o n ,  th e  t o t a l  number o f  d e a t h s  was seven  ( 1 6 . 2 $ ) .  
This  i s  n o t  so h ig h  a  f i g u r e  a s  i t  a p p e a r s ,  s i n c e  t h e  l a r g e s t  
number o f  d e a t h s  o c c u r r e d  among t h o s e  c h i l d r e n  who were 
a l r e a d y  d e b i l i t a t e d  by some o t h e r  d i s e a s e .  The t a b l e  shows 
t h a t  th e  m o r t a l i t y  r a t e  was tw ice  a s  h ig h  i n  th e  se co n da ry  
group  o f  c a s e s  a s  i n  th e  p r im a ry  g r o u p ,  b e in g  2 1 .7 $  and 10$ 
i n  t h e s e  two g ro u p s  r e s p e c t i v e l y .  IJeale (1931) i n  a  s tu d y  o f  
one hundred  and s e v e n te e n  c a s e s  fou n d  th e  m o r t a l i t y  r a t e  to 
be 7$, and C r a ig  (1935) found  i t  to be  1 4 .7 $  among h i s  group 
o f  s i x t y - o n e  n e o n a t a l  c a s e s .
Where p y e l o n e p h r i t i s  o c c u r s  a s  th e  p r im a ry  d i s e a s e  i t '  
u s u a l l y  r u n s  a more s e v e r e  c o u r s e  t h a n  t h e  se co n d a ry  c a s e ,  
w i t h  t h e  e x c e p t i o n  of  t h o s e  c a s e s  f o l l o w i n g  g a s t r o e n t e r i t i s  
i n  young i n f a n t s .
As.-a r u l e  t h e  y o u n g e r  th e  c h i l d  th e  more s e v e re  i s  the  
c o n d i t i o n  and s i x  out  of  seven  f a t a l  c a s e s  o c c u r r e d  below the  
age of  a  y e a r .  The o n ly  o t h e r  d e a t h  was a  boy o f  two and a 
h a l f  y e a r s ,  whose r e s i s t a n c e  to i n f e c t i o n  was a l r e a d y  lo w ered  
by m e a s l e s ,  pneumonia and e n t e r i t i s ,  b e f o r e  the  o n s e t  o f  a  
t e r m i n a l  p y e l o n e p h r i t i s .  A l th o u g h  t h e r e  were s e v e r a l  s e v e re  
c a s e s  among t h e  o l d e r  c h i l d r e n  the  r e s p o n s e  t o  t r e a t m e n t  was 
b e t t e r ,  and t h e r e  were no d e a th s  among them.
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Table 13 shows t h a t  more d e a t h s  o c c u r r e d  among the  
g i r l s  th a n  th e  hoys o f  th e  s e r i e s .  I f  the  number o f  c h i l d r e n  
o f  e a c h  sex  u n d e r  o b s e r v a t i o n  i s  c o n s i d e r e d  i t  i s  found  t h a t  
th e  a c t u a l  p e r c e n t a g e  of  d e a t h s  was h i g h e r  i n  th e  boys i n  the  
t o t a l  and s e c o n d a r y  g ro u p s .  The number o f  boys u n d e r  o b s e r ­
v a t i o n  i s  however too sm a l l  f o r  any  c o n c l u s i o n s  t o  be drawn 
a s  to  th e  s e v e r i t y  o f  i n f e c t i o n  i n  t h i s  sex.
The h ig h  m o r t a l i t y  r a t e  i n  th e  se co n d a ry  group  i s  due 
to  t h e  s e v e r i t y  o f  t h e  i l l n e s s  when i t  f o l lo w e d  g a s t r o e n t e r i t i s ,  
f o u r  o u t  o f  e i g h t  such  c a s e s  b e in g  f a t a l .  I f  t h i s  type  of  
c a se  i s  e x c lu d e d  the  m o r t a l i t y  r a t e  o f  th i -s  group  i s  lo w er  
t h a n  £he p r im a ry  g roup .
The number o f  pus  c e l l s  i n  th e  u r i n e  i s  n o t  n e c e s s a r i l y  
a n  i n d i c a t i o n  o f  t h e  s e v e r i t y  o f  t h e  d i s e a s e .  C har t  11 shown 
t h a t  w h i l e  th e  i l l n e s s  i s  a t  i t s  h e i g h t  t h e r e  may be 'no pus 
i n  th e  u r i n e ,  a n d  t h a t  a s  soon a s  improvement s e t s  i n  a  l a r g e  
amount o f  pus  i s  fo u h d .  Monti (1893) n o te d  t h i s  and s t a t e d  
t h a t  " c l e a r  u r i n e  i s  a  h a r b i n g e r  o f  e v i l ,  c loudy  th e  p rom ise  
o f  a  s u c c e s s f u l  e n d in g " .  I t  was n o te d  however t h a t  i n  the  
s e v e r e  c a s e s  u n d e r  o b s e r v a t i o n  a  l a r g e r  number o f  pus c e l l s  
were  found  a t  some s t a g e  o f  t h e  d i s e a s e  t h a n  were ev e r  p r e s e n t  
i n  th e  m i ld  c a s e s .
E p i t h e l i a l  and g r a n u l a r  c a s t s  were more o f t e n  found i n
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t h e  s e v e r e  c a s e s  and where numerous u s u a l l y  i n d i c a t e d  t h a t  
i n f e c t i o n  was s e v e r e .  R e p e a te d  e x a m in a t io n s  o f  t h e  u r i n e  o f  
t h e  f o r t y - t h r e e  c h i l d r e n  w i t h  u r i n a r y  i n f e c t i o n ,  r e v e a l e d  t h e  
p r e s e n c e  o f  c a s t s  i n  seven .  F i v e  of  t h e s e  were s e v e r e  and 
t h r e e  d i e d .  The re m a in in g  two c a s e s  were m i ld  and o n ly  a  few 
c a s t s  were seen .
I n  a l l  t h e  a c u t e  c a s e s  a lbumen was p r e s e n t ,  b u t  a  l a r g e  
amount ,  e s p e c i a l l y  i f  a s s o c i a t e d  w i t h  t h e  p r e s e n c e  o f  c a s t s  i n  
th e  u r i n e  a p p e a re d  to i n d i c a t e  t h a t  s e v e r e  r e n a l  damage had 
o c c u r r e d .
Table  14 shows th e  u r i n a r y  f i n d i n g s  i n  s i x  f a t a l  c a s e s .
TABLE 14
U r i n a r y  f i n d i n g s  i n  s i x  f a t a l  c a s e s
Case Age Sex
I n i t i a l
D i s e a s e
Albu­
men Pus C a s t s
■
Organisms
R.B. 6 /12 F P y e l o n e p h r i t i s * »»»
P.W. 10/365 F P y e l o n e p h r i t i  s * *» ♦ ♦
G.P. 2 * M
M eas les  
and E n t e r i t i s f * ** f  * **
H.D. 9 /1 2 F G a s t r o e n t e r i  t i s * * * **
E. B. 6 /12 F G a fc t ro en te r i  t i s *♦ » *♦
S.H. 3 /12 F G a s t r o e n t e r i t i s * * _ *
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I n  th e  g roup  o f  c h i l d r e n  below th e  age of  a  y e a r  the  
symptoms i n d i c a t i v e  o f  s e v e re  i n f e c t i o n  were p e r s i s t e n t  
d i a r r h o e a  and v o m i t i n g ,  c y a n o s i s ,  ex trem e p a l l o r ,  m en ing ism us,  
d r o w s in e s s  and d im in i s h e d  u r i n a r y  o u t p u t .  I n  t h e  o l d e r  
c h i l d r e n  th e  s e v e r i t y  o f  th e  d i s e a s e  was e v id e n c e d  by p a l l o r ,  
p u f f i n e s s  o f  th e  f a c e  and a t t a c k s  o f  o n e - s i d e d  p a i n ,  w i t h  
t em p o ra ry  ab sen c e  o f  pus  i n  t h e  u r i n e .  I n  b o t h  g ro u p s  h y p e r ­
p y r e x i a  o c c u r r e d  i n  th e  s e v e r e  c a s e s  and was a p a r t i c u l a r l y  
g ra v e  symptom i n  t h e  y ounger  c h i l d .
D ia gn o s i s
I n  many c a s e s ,  where t h e  symptoms a r e  c h a r a c t e r i s t i c  
and a n  a c c u r a t e  h i s t o r y  i s  o b t a i n a b l e  t h e  d i a g n o s i s  o f  a c u t e  
p y e l o n e p h r i t i s  can be c o n f i d e n t l y  made, b e f o r e  a  specimen of  
u r i n e  has  been  examined t o  c o n f i r m  i t .
I n  i n f a n t s  th e  a t t a c k s  o f  b l u e n e s s  and c o l l a p s e  and the  
o c c u r r e n c e  of  s h i v e r i n g  q e  r i g o r s  a re  p r a c t i c a l l y  d i a g n o s t i c .  
I n  o l d e r  c h i l d r e n  an  i n d e f i n i t e  i l l n e s s  w i t h  abdominal  p a i n  
a n d  f r e q u e n c y  o f  m i c t u r i t i o n  i s  s u g g e s t i v e  o f  t h i s  c o n d i t i o n .
On e x a m in a t io n  few p h y s i c a l  s i g n s  a r e  found e x ce p t  
p y r e x i a .  The i n f a n t  i s  v e ry  i r r i t a b l e ,  r e s e n t s  b e in g  h and led  
and may seem to be t e n d e r  a l l  o v e r  th e  body. The o l d e r  c h i l d  
i s  u s u a l l y  p a l e  and  l o o k s  i l l  and t e n d e r n e s s  i n  th e  abdomen o r
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l o i n  may be found .  ExaminatL on o f  t h e  u r i n e  w i l l  u s u a l l y  
co n f i rm  th e  d i a g n o s i s  e x c e p t  i n  th e  c a s e s  where t h e  a f f e c t e d  
k id n e y  has t e m p o r a r i l y  c e a s e d  to d r a i n .  I n  t h e s e  c a s e s  t h e r e  
i s  f r e q u e n t l y  t e n d e r n e s s  i n  one l o i n  and a  tumour c o r r e s p o n d i n g  
to  th e  e n l a r g e d  k id n e y  i s  sometimes f e l t .
I n  i n f a n t s  th e  d i f f e r e n t i a l  d i a g n o s i s  w i l l  r e s t  between 
g a s t r o e n t e r i t i s ,  pneumonia,  m e n i n g i t i s  and o t i t i s  m ed ia .  As 
d i a r r h o e a  and v o m i t in g  a r e  f r e q u e n t l y  p r e s e n t  many o f  th e se  
c h i l d r e n  a r e  a t  f i r s t  t h o u g h t  t o  be s u f f e r i n g  from g a s t r o ­
e n t e r i t i s  and t h e  two c o n d i t i o n s  c a n  o n ly  be d i s t i n g u i s h e d  by 
th e  e x a m in a t io n  o f  t h e  u r i n e  and th e  r e s p o n s e  to  a l k a l i n e  
t r e a t m e n t .  The r a p i d  r e s p i r a t i o n s ,  h ig h  f e v e r  and a t t a c k s  of  
b l u e n e s s  o f t e n  l e a d  to  an i n i t i a l  d i a g n o s i s  o f  b roncho-pneum onia  
p a r t i c u l a r l y  when a  s l i g h t  cough i s  p r e s e n t .  There i s  however 
a com ple te  ab sen c e  o f  s i g n s  i n  t h e  c h e s t .  Where d ro w s in e s s ,  
v o m i t in g  and head r e t r a c t i o n  a r e  the  p r e d o m in a t in g  symptoms 
i t  may be i m p o s s i b l e  to  e x c lu d e  m e n i n g i t i s  w i t h o u t  a  lumbar  
p u n c t u r e .  Where th e  c h i l d  i s  i r r i t a b l e  and a p p e a r s  to have 
p a i n ,  o t i t i s  media  may be s u s p e c t e d ,  b u t  can be exc lu d ed  by an 
i n s p e c t i o n  o f  th e  e a r  drums.
I n  o l d e r  c h i l d r e n  th e  c o n d i t i o n s  most  l i k e l y  to g iv e  
r i s e  to d i f f i c u l t y  i n  d i a g n o s i s  a r e  a p p e n d i t i t i S ,  typho id  
f e v e r ,  pneumonia and m i l i a r y  t u b e r c u l o s i s .  An in f la m e d  p e l v i c  - j
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ap p e n d ix  f r e q u e n t l y  g i v e s  r i s e  to d y s u r i a  and f r e q u e n c y  o f  
m i c t u r i t i o n .  An e x a m in a t io n  o f  t h e  u r i n e  w i l l  u s u a l l y  so lv e  
t h e  p rob lem  and  a r e c t a l  e x a m in a t io n  may a l s o  be h e l p f u l  by 
r e v e a l i n g  p e l v i c  t e n d e r n e s s  i n  a p p e n d i c i t i s .  The p u l s e  i s  
l i k e l y  t o  be more r a p i d ,  and t h e  t e m p e r a tu re  lower  i n  
a p p e n d i c i t i s .  I n  d o u b t f u l  c a s e s  a  l e u c o c y t e  c o u n t  may be o f  
u s e ,  a s  th e  w h i t e  c o u n t  w i l l  be h i g h e r  i n  a c u t e  a p p e n d i c i t i s .  
Where th e  o n s e t  i s  i n s i d i o u s  and p a l l o r ,  l a s s i t u d e ,  abdominal  
p a i n  and d i a r r h o e a  a r e  p r e d o m i n a t i n g  symptoms t y p h o id  f e v e r  
may be s u s p e c t e d .  There i s  however ah  ab sence  o f  r o s e  c o lo u r e d  
sp o tS j  ’fhe s p l e e n  i s  not  o f t e n  p a l p a b l e  and t h e  w id a l  r e a c t i o n  
w i l l  be n e g a t i v e .  As i n  t h e  y ou n g e r  c h i l d  t h e  s h o r t  dry  cough, 
p a i n  i n  t h e  c h e s t  and i n c r e a s e d  r e s p i r a t o r y  r a t e  which a r e  
sometimes p r e s e n t  may l e a d  to an e a r l y  d i a g n o s i s  o f  pneumonia 
o r  b a s a l  p l e u r i s y .  These c o n d i t i o n s  can be exc lu d ed  by th e  
a b se n c e  of  s i g n s  i n  th e  c h e s t  and i f  n e c e s s a r y  X - ra y  e x am in a t ­
i o n .  L e u c o c y t o s i s  w i l l  be more marked i n  pneumonia than  i n  
p y e l o n e p h r i t i s .  O c c a s i o n a l l y  a c u t e  m i l i a r y  t u b e r c u l o s i s  i s  
s u s p e c t e d ,  e s p e c i a l l y  where i n c r e a s i n g  p a l l o r  and l a s s i t u d e  
and i r r e g u l a r  p y r e x i a  a r e  marked symptoms. The e x am in a t io n  
o f  t h e  u r i n e ,  t h e  r e s p o n s e  to  t r e a t m e n t  and i f  n e c s s s a r y  a 
Mantoux t e s t  shou ld  e x c lu d e  t h i s .
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P r o g n o s i s
The p r o g n o s i s  i n  p y e l o n e p h r i t i s  i n  c h i l d r e n  m ust  be 
g i v e n  g u a r d e d l y ,  s i n c e  r e l a p s e s  and r e c u r r e n t  a t t a c k s  t e n d  
to  o c c u r ,  e s p e c i a l l y  i f  some u n s u s p e c t e d  a b n o r m a l i t y  o f  th e  
u r i n a r y  t r a c t  i s  p r e s e n t .  G e n e r a l l y  sp e ak in g  however, th e  
o l d e r  t h e  c h i l d  the  b e t t e r  i s  th e  p r o s p e c t  o f  r e c o v e r y ,  and 
i n  a  c h i l d  above t h e  age o f  two y e a r s  t h e  u l t i m a t e  p r o g n o s i s  
i s  e x c e l l e n t .  The m a j o r i t y  o f  f a t a l  c a s e s  oc cu r  below the  
age  o f  a  y e a r .  P y e l o n e p h r i t i s  i s  e s p e c i a l l y  s e r i o u s  when i t  
o c c u r s  a s  a  c o m p l i c a t i o n  o f  g a s t r o e n t e r i t i s  i n  a  young i n f a n t  
and i s  f r e q u e n t l y  f a t a l .  The more d e h y d r a t e d  th e  c h i l d ,  the  
^ o r s e  i s  th e  p r o g n o s i s .
The c o n d i t i o n  must  be c o n s i d e r e d  g r a v e  when a  g r a d u a l  
r i s e  o f  t e m p e r a t u r e  to  a  h ig h  l e v e l  o c c u r s ,  i n  s p i t e  o f  f u l l  
a l k a l i n i s a t i o n  o f  th e  u r i n e  (C h a r t  1 3 ) .  Long p e r i o d s  of  
a n u r i a ,  much r e s t l e s s n e s s ,  d ro w s in e s s  o r  meningismus a r e  
s e r i o u s  symptoms. The s i g n i f i c a n c e  o f  c a s t s  and much albumen 
i n  t h e  u r i n e  has a l r e a d y  been r e f e r r e d  to .
The so o n e r  t r e a t m e n t  i s  commenced the  b e t t e r  a r e  the  
p r o s p e c t s  o f  r e c o v e r y  and a l k a l i e s  sh o u ld  t h e r e f o r e  be 
a d m i n i s t e r e d  im m e d ia te ly  t h e  c o n d i t i o n  i s  su s p e c te d  and b e fo r e  
e x a m in a t io n  o f  t h e  u r i n e  has  con f i rm ed  the  d i a g n o s i s .
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C har t  10 i s  from a  f a t a l  c a s e  o f  p r im a ry  p y e l o n e p h r i t i s  
i n  a  c h i l d  o f  s i x  months i n  w h ic h  th e  r e s p o n s e  t o  a l k a l i n e  
t h e r a p y  was o n ly  te m p o ra ry .  C h a r t  13 i s  from a n o t h e r  f a t a l  
c a s e ,  i n  a  c h i l d  of  t h r e e  m onths ,  i n  w h ich  th e  c o n d i t i o n  
o c c u r r e d  a s  a  c o m p l i c a t i o n  o f  i n f e c t i v e  d i a r r h o e a .  I n  t h i s  
c a se  t h e r e  was a  c o m p le te  ab sen c e  o f  r e s p o n s e  to a l k a l i n i s a t i o n  
o f  th e  u r i n e  and a  s t e a d y  r i s e  o f  t e m p e r a t u r e  o c c u r r e d ,  d e a th  
e n su in g  on t h e  f o u r t h  day.
MONTH
DAV
107
106
105
104
103
102
101
IOO
9 9
9 8
9 7
C ha r t  1 3 . F a t a l  c a se  o f  p y e l o n e p h r i t i s  fo l lo w in g  
i n f e c t i v e  e n t e r i t i s  i n  w h ic h  t h e r e  was 
complete  ab sence  o f  r e s p o n s e  to t r e a t ­
m ent .  G i r l  aged t h r e e  months.
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P r o p h y l a x i s
I f  t h e  f a c t o r s  which  t e n d  to  p r e c i p i t a t e  p y e l o ­
n e p h r i t i s  a r e  bo rn  i n  mind,  i t  sh o u ld  be p o s s i b l e  i n  many c a s e s  
to  p r e v e n t  i t s  o c c u r r e n c e  o r  t o  m odify  t h e  s e v e r i t y  o f  t h e  a t t a c k
As u r i n a r y  i n f e c t i o n  d e v e lo p s  so f r e q u e n t l y  a f t e r  g a s t r o ­
i n t e s t i n a l  d i s o r d e r s ,  t h e i r  p r e v e n t i o n  i s  o f  p r im a ry  im p o r t a n c e ,  
and  e v e ry  a t t a c k  o f  d i a r r h o e a  and  v o m i t in g  sh o u ld  be r e g a r d e d  as  
a  p o s s i b l e  p r e c u r s o r  o f  t h e  c o n d i t i o n ,  e s p e c i a l l y  i n  c h i l d r e n  
below t h e  age  o f  a  y e a r .  Fewer c a s e s  would  be o v e r lo o k e d  i f  i t  
were  remembered t h a t  g ree n  s t o o l s  a r e  f r e q u e n t l y  a symptom o f  
u r i n a r y  i n f e c t i o n  and  n o t  a lw ays  due to  e n t e r i t i s .  Any 
t e n d e n c y  to  c o n s t i p a t i o n  must oe guarded  a g a i n s t ,  b u t  i t  i s  
e s s e n t i a l  t h a t  v i o l e n t  p u r g a t i o n  sh o u ld  be a v o id e d  s i n c e  i t  may 
p r e c i p i t a t e  a n  a t t a c k  o f  p y u r i a .  As a  sudden change i n  d i e t  
i s  sometimes a f a c t o r ,  t h i s  sh ou ld  a s  f a r  a s  p o s s i b l e  be av o id e d  
d u r i n g  h o t  w e a t h e r  o r  i f  th e  h e a l t h  o f  t h e  c h i l d  h a s  been poor 
r e c e n t l y .
l o c a l  c o n d i t i o n s  such a s  p l u i n o s i s  r e q u i r e  a t t e n t i o n  i f  
t h e r e  h a s  been any tend e n cy  tow ards  u r i n a r y  symptoms. C h i ld r e n  
s u f f e r i n g  from e n u r e s i 3  must  be c a r e f u l l y  o b s e r v e d ,  s i n c e  i t  may 
happen  t h a t  t h i s  i s  t h e  o n ly  symptom o f  a m i ld  u r i n a r y  I n f e c t i o n ,  
w h ic h  a t  any  t ime may become more a c u t e .
Where r e c u r r e n t  a t t a c k s  o f  p y e l o n e p h r i t i s  o c c u r  a  f u l l  
i n v e s t i g a t i o n  i s  c a l l e d  f o r  i n  o r d e r  to  d e te rm in e  w h e t h e r  any 
a b n o r m a l i t y  o f  t h e  u r i n a r y  t r a c t ,  e i t h e r  c o n g e n i t a l  o r  a c q u i r e d ,  
e x i s t s .  The p o s s i b i l i t y  o f  r e n a l  t u b e r c u l o s i s  must  be
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remembered, e a p e c l a l l y  i n  o l d e r  c h i l d r e n .
F i n a l l y ,  i n  a l l  i l l n e s s e s ,  e s p e c i a l l y  t h o s e  i n v o l v i n g  
t h e  g a s t r o i n t e s t i n a l  t r a c t  o r  g i v i n g  r i s e  t o  p ro lo n g ed  
p y r e x i a ,  w a s t i n g  o r  d e h y d r a t i o n ,  t h e  u r i n e  sh o u ld  be examined 
f o r  pus a t  f r e q u e n t  i n t e r v a l s ,  and i f  u r i n a r y  i n f e c t i o n  i s  
s u s p e c t e d ,  a l k a l i n e  t h e r a p y  sh p u ld  be s t a r t e d  im m e d ia te ly ,  
w i t h o u t  w a i t i n g  f o r  a  spec im en o f  u r i n e  to  c o n f i rm  th e  
d i a g n o s i s .
T r e a tm e n t .
The s u c c e s s f u l  t r e a t m e n t  o f  a c u t e  p y e l o n e p h r i t i s  i n  
c h i l d r e n  i s  d e p e n d e n t  upon t h r e e  main p r i n c i p a l s  -  a l k a l i e s  
sh o u ld  be a d m i n i s t e r e d  e a r l y  and  i n  l a r g e  d o s e s ,  a n  abundan t  
su p p ly  o f  f l u i d  sh o u ld  be g iv e n  and t h e  g e n e r a l  h e a l t h  o f  t h e
I
c h i l d  sh o u ld  be m a i n t a i n e d .
V a r io u s  methods o f  t r e a t m e n t  have been a d v o c a t e d ,  from 
M o n t i ' s  " m i l k  d i e t ,  luke-warm b a t h s ,  e v e r y  second day a good 
r u b b i n g " ,  to  a  v a r i e t y  o f  d r u g s .  The c h a r a c t e r  o f  th e
il
p y r e x i a  h a s  l e d  to  t h e  use  o f  q u i n i n e  and s a l i c y l a t e s  i n  i t s  
t r e a t m e n t ,  n e i t h e r  o f  which have been found to  be o f  v a l u e .  
T an n in ,  l e a d  a c e t a t e ,  s a l o l  and  ^ u i a i c o l  have been  recommended, jj 
and  Spa t r e a t m e n t  has  Deen a d v o c a te d  i n  r e s i s t a n t  c a s e s .
U r o t r o p in e  h a s  en joyed  a  r e p u t a t i o n  i n  t h e  t r e a t m e n t  o f  
u r i n a r y  i n f e c t i o n  f o r  many y e a r s ,  though i t  was n o t  t i l l  1906 
t h a t  i t  was r e c o g n i s e d  by Boorse  t h a t  i t  a c t e d  b e t t e r  i n  a c i d
I
medium. T h is  d r u g  i s  s t i l l  u sed  i n  a  c e r t a i n  t y p e  o f  c a s e ,
I
l|i
• I
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b u t  i n  a c u t e  c a s e s  i t  h a s  l a r g e l y  been s u p e r s e d e d  by th e  use  
o f  a l k a l i e s .  I t  i s  e a s y  to  see  how t h e  a l k a l i e s  a t t a i n e d  t h e  
r e p u t a t i o n  t h e y  now p o s s e s s .  They were  f i r s t  u sed  i n  th e  
t r e a t m e n t  o f  d y s u r i a  caused  by t h e  p a s s a g e  o f  o x a l a t e s  o r  u r i c  
a c i d .  I n  t ime i t  was n o te d  t h a t  t h e s e  d ru g s  w e re  a l s o  o f  use  
i n  th e  t r e a t m e n t  o f  a c u t e  i n f e c t i v e  c o n d i t i o n s  o f  t h e  u r i n a r y  
t r a c t .  H o l t  (1893) was t h e  f i r s t  t o  u se  p o ta s s iu m  c i t r a t e  to 
c h i l d r e n  s u f f e r i n g  from p y e l o n e p h r i t i s .  The dose  w h ich  he 
recommended was t h e  s m a l l e s t  amount w h ich  would n e u t r a l i s e  th e  
u r i n e  and keep  i t  s o ,  and v a r i e d  between g r s .  24-48  i n  t h e  day .  
I t  was employed by Thomson (1902) and  K a s t n e r  (1905; I n  t h e  same 
s m a l l  d o s e s ,  bu t  a s  l a t e  a s  1907 many c l i n i c i a n s  had e i t h e r  n o t  
h e a r d  o f  i t ,  o r  had  f a i l e d  to  g iv e  I t  a  t r i a l .
T h is  method o f  t r e a t m e n t  i s  now w i d e ly  u sed  and  i s  
i n d e e d  a l m o s t  s p e c i f i c  i n  a c u t e  c a s e s .  I t  must  be g iv e n  i n  
l a r g e  enough d o se s  to  r e n d e r  t h e  u r i n e  a l k a l i n e  and t e e p  i t  so 
t h r o u g h o u t  t h e  day and n i g h t .  For  t h i s  r e a s o n  i t  sh o u ld  be 
g iv e n  a t  s h o r t  i n t e r v a l s  th ro u g h  t h e  day  and o n ly  s l i g h t l y  
l o n g e r  o n es  a t  n i g h t ,  th e  c h i l d  be in g  wakened to  r e c e i v e  t h e  
d o s e .  The d ru g s  found  to g iv e  t h e  most  s a t i s f a c t o r y  r e s u l t s  
a r e  p o ta s s iu m  c i t r a t e  and sodium b i c a r b o n a t e ,  and i n  h o s p i t a l  
i t  i s  found  t h a t  good r e s u l t s  a r e  o b t a i n e d  i f  a  m ix t u r e  
c o n t a i n i n g  t h e s e  two d rugs  i s  a d m i n i s t e r e d  a t  t h r e e  h o u r ly  
i n t e r v a l s  d u r i n g  t h e  day and f o u r  h o u r l y  a t  n i g h t .  I n  ve ry  
a c u t e  c a s e s  i t  may be n e c e s s a r y  to  g ive  t h e  m ed ic ine  even 
more f r e q u e n t l y ,  b e f o r e  th e  u r i n e  can  be made a l k a l i n e .  unce
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t h i s  r e a c t i o n  i s  a t t a i n e d  t h e  do se  can  u s u a l l y  be d e c r e a s e d .  
The amount o f  a l k a l i n e  v a r i e s  f rom g r s .  6 0 -7 0  a  day  f o r  a n  
i n f a n t  i n  th e n f lo n a t a l  p e r i o d ,  to  g r s .  200-300 a day f o r  an  
o l d e r  c h i l d .  I n  t h e  m a j o r i t y  o f  c a s e s  a n  immedia te
improvement  t a k e s  p l a c e  and t h e  a c u t e  symptoms b e g in  to
s u b s i d e  ( C h a r t  1 4 ) .
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C h a r t  14. Acute  p y e l o n e p h r i t i s .  G i r l ,  6 y e a r s .
Immediate  r e s p o n s e  to  a l k a l i n e  t h e r a p y .
A l th o u g h  t h e  a c u t e  symptoms a r e  improved by a l k a l i n e  
t h e r a p y  i t  i s  o f t e n  found  t h a t  th e  i n f e c t i o n  o f  th e  u r i n e  
p e r s i s t s  and  o t h e r  methods o f  t r e a t m e n t  may have to  be 
r e s o r t e d  to  b e f o r e  i t  becomes s t e r i l e .  U r t r o p i n e ,  u sed  
a l t e r n a t e l y  w i t h  a l k a l i e s ,  may sometimes have t h i s  e f f e c t .
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b e t t e r  r e s u l t s  have heen o b t a i n e d  by th e  u se  o f  a K e tog en ic  
d i e t ,  i n t r o d u c e d  by Helmholz and  C la rk  i n  1931, a s  a  r e s u l t  o f  
o b s e r v a t i o n s  upon c h i l d r e n  t r e a t e d  f o r  e p i l e p s y  by t h i s  method.  
I t  i s ,  how ever ,  a d i f f i c u l t  method o f  t r e a t m e n t  f o r  a  p a t i e n t  
t o  employ a t  home and i t  has  been  l a r g e l y  s u p e r s e d e d  by th e  use  
o f  mandelic.  a c i d ,  w h ic h  was found  by Rosenheim (1935) t o  have 
a  good e f f e c t  i n  t r e a t m e n t  o f  u r i n a r y  i n f e c t i o n s  o f  a d u l t s ,  
and  has  now been  m o d i f i e d  f o r  u se  i n  c h i l d r e n .  These two 
methods o f  t r e a t m e n t  a r e  e s p e c i a l l y  u s e f u l  i n  t h o s e  c a s e s  
w h ic h  f a i l  t o  c l e a r  up e n t i r e l y  w i t h  a l k a l i e s .  I n  th e  p a s t  
few months “ P r o n t o s i l "  (p -  amino -  p heny l  -  su lphonamide)  
h a s  been a d v o c a te d  i n  th e  t r e a t m e n t  o f  B . c o l i  p y e l i t i s  d u r i n g  
p r e g n a n c y ,  b u t  I  have had no e x p e r i e n c e  o f  t h i s  method i n  
c h i l d r e n .
D u r in g  th e  a c u t e  s t a g e  a n  abundance o f  f l u i d  i s  an 
e s s e n t i a l  p a r t  o f  t h e  t r e a t m e n t .  O ld e r  c h i l d r e n  w i l l  t a k e  
f r u i t  d r i n k s ,  b a r l e y  w a t e r  and m i lk .  I n f a n t s  sh o u ld  be g iv en  
t h e i r  f e e d s  a t  more f r e q u e n t  i n t e r v a l s ,  d i l u t e d  i f  v o m i t in g  i s  
t r o u b le s o m e ,  and e x t r a  f l u i d  i n  th e  form o f  b o i l e d  w a t e r  o r  
weak s a l i n e  between f e e d s .  Sm all  q u a n t i t i e s  o f  weak t e a  a r e  
sometimes u s e f u l ,  a s  i t  n o t  o n l y  quenches  t h i r s t ,  b u t  a l s o  a c t s  
a s  a s t i m u l a n t  and d i u r e t i c ,  a s  w e l l  a s  h a v in g  a n  a s t r i n g e n t  
e f f e c t  upon t h e  bowel w h ich  i s  h e l p f u l  i f  t h e  s t o o l s  a r e  l o o s e .  
Where v o m i t i n g  i s  s e v e r e ,  a  d e h y d r a t i o n  marked f l u i d  must  be 
g i v e n  by o t h e r  r o u t e s .  A c o n t in u o u s  d r i p  o f  s a l i n e  p e r
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r e c tu m  c an  be g iv e n  b u t  a s  t h i s  i s  n o t  o f t e n  r e t a i n e d  f o r  
l o n g  p e r i o d s  b e t t e r  r e s u l t s  may oe o b t a i n e d  by su b e u ta n e o u s  
o r  i n t r a v e n o u s  s a l i n e  a d m i n i s t r a t i o n .  Blood t r a n s f u s i o n  
h a s  oeen recommended i n  t h e  t r e a t m e n t  o f  s e v e r e  c a s e s ,  (Bayma, 
19 2 8 ) .  Colon l a v a g e  has been a d v o c a te d  by S a c k  (1923) and 
A lb ee  (1927) i n  t h e  t r e a t m e n t  o f  u r i n a r y  i n f e c t i o n  i n  a d u l t s  
b u t  t h e  r e s u l t s  i n  c h i l d r e n  a r e  d i s a p p o i n t i n g ,  though  i t  i s  
a  u s e f u l  method o f  t r e a t i n g  d i a r r h o e a  when p r e s e n t .
The sudden  a t t a c k s  o f  c y a n o s i s  and  c o l l a p s e  a r e  b e s t  
d e a l t  w i t h  by t h e  a p p l i c a t i o n  o f  w armth ,  and  t h e  a d m i n i s t r a t i o n  
o f  s m a l l  q u a n t i t i e s  o f  a  s t i m u l a n t  su ch  a s  brandy and co ram ine .
thhvr.
S p i r i t  o f  n i t r o u s  fb tm  i n  d o s e s  o f  M. 5-10 i s  sometimes u s e f u l  
i n  t h e  t r e a t m e n t  o f  r e c u r r e n t  c o l l a p s e s .
F o r  t h e  a n aem ia  w h ic h  f o l lo w s  o r  accompanies  th e  
c o n d i t i o n  some form  o f  i r o n  sh o u ld  oe g iv e n .  C h i l d r e n  w i l l  
t a k e  i r o n  and ammonium c i t r a t e ,  f l a v o u r e d  w i t h  s y r u p ,  o r  
P a r r i s h * s  foo d .
I n  a l l  c a s e s  th e  g e n e r a l  h e a l t h  must  oe improved and 
t h e  V i tam in  c o n t e n t  o f  th e  f o o d  sh o u ld  be h i g h .  I n f a n t s  
s h o u ld  be g iv e n  o ra n g e  j u i c e  d a i l y  and some form  o f  c o d - l i v e r
o i l .  O l d e r  c h i l d r e n  shou ld  have a good mixed d i e t ,  w i t h  
p l e n t y  o f  m i l k ,  eggs  and f r e s h  f r u i t .  C o d - l i v e r  o i l  sh ou ld  
be g i v e n ,  e s p e c i a l l y  i n  w i n t e r ,  and a  c o u rse  o f  s u n l i g h t  
t r e a t m e n t  w i l l  sometimes be found to  be b e n e f i c i a l .  I f  p o s s i b l e  
t h e  c h i l d  sh o u ld  be s e n t  to  t h e  c o u n t r y  o r  s e a s i d e  when w e l l  
enough.
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Summary
An i n v e s t i g a t i o n  was made o f  310 c h i l d r e n  a d m i t t e d  to
h o s p i t a l  f o r  t r e a t m e n t  o f  a  v a r i e t y  o f  c o n d i t i o n s  and th e
f o l l o w i n g  f a c t s  were  n o te d
1 . The t o t a l  in c id e n c e  o f  u r i n a r y  i n f e c t i o n  among th e s e  c h i l d r e n  
was found  to  De 13.85b.
2 .  U r in a r y  i n f e c t i o n  was found  to  o c c u r  f o u r  t im e s  more f r eq u e n t^ j  
i n  g i r l s  t h a n  ooys ,  and  t h e  i n c i d e n c e  was h i g h e s t  below t h e  
age  o f  a  y e a r .
3 .  The c o n d i t i o n  f r e q u e n t l y  f o l lo w s  g a s t r o e n t e r i t i s ,  e s p e c i a l l y  
i n  i n f a n t s .  I t  i s  n o t  a  common c o m p l i c a t i o n  o f  o t h e r  
d i s e a s e s ,  and  when i t  o c c u r s ,  t e n d s  t o  r u n  a  m i ld  c o u r s e .
4 .  Normal u r i n e ,  c o l l e c t e d  u n d e r  a s e p t i c  c o n d i t i o n s ,  c o n t a i n s  
n o t  more t h a n  one l e u c o c y t e  p e r  h i g h  power f i e l d .  Dur ing  
i n f e c t i o n  o f  t h e  u r i n a r y  t r a c t  t h i s  cou n t  i s  i n c r e a s e d ,  but  
i s  n o t  n e c e s s a r i l y  h i g h .
5. The c o l i f o r m  b a c i l l u s  i s  t h e  i n f e c t i n g  o rg a n is m  i n  the  
m a j o r i t y  o f  c a s e s .
6 .  f y e l i t i s  i s  r a r e  i n  c h i l d r e n .  The l e s i o n  most  f r e q u e n t l y  
p r e s e n t  i s  b i l a t e r a l  s u p p u r a t i v e  i n t e r s t i t i a l  p y e l o n e p h r i t i s .
7 .  The pH o f  t h e  u r i n e  shows no c o n s t a n t  c h a n g e s ,  e i t h e r  b e fo re  
t h e  o n s e t  o f  u r i n a r y  i n f e c t i o n  o r  d u r i n g  i t s  c o u r s e .
8 .  The symptoms o f  p y e l o n e p h r i t i s  v a ry  a c c o r d i n g  to  t h e  age  o f  
t h e  c h i l d .
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9.  I m p o r t a n t  f a c t o r s  i n  t h e  p r o d u c t i o n  o f  u r i n a r y  i n f e c t i o n  
a r e  c o n s t i p a t i o n ,  d i a r r h o e a ,  p u r g a t i o n  and a s t a t e  o f  
d e h y d r a t i o n .
1 0 . Chronic  and  r e c u r r e n t  c a s e s  may oe due to  c o n g e n i t a l  o r  
a c q u i r e d  a b n o r m a l i t i e s  o f  t h e  u r i n a r y  t r a c t .
11. A m od e ra te  l e u c o c y t o s i s ,  due t o  a n  i n c r e a s e  o f  th e  p o ly ­
n u c l e a r  n e u t r o p h i l s ,  was found  to  o c c u r  d u r i n g  t h e  a c u t e  
s t a g e  o f  t h e  d i s e a s e .
1 2 . H aem o ly t ic  s t r e p t o c o c c i  were  i s o l a t e d  from th e  t h r o a t  i n  a 
l a r g e  number o f  c a s e s  o f  a c u t e  p y e l o n e p h r i t i s .
1 3 . The m o r t a l i t y  r a t e  from u r i n a r y  i n f e c t i o n  was 1 6 .2 ^ .  h e re  
p y e l o n e p h r i t i s  was the  p r im a ry  c o n d i t i o n  t h e  m o r t a l i t y  was 
10$.  The l a r g e s t  number o f  d e a t h s  o c c u r r e d  i n  i n f a n t s  
below t h e  age  o f  one y e a r ,  and  where  t h e  c o n d i t i o n  o c c u r r e d  
a s  a  c o m p l i c a t i o n  o f  g a s t r o e n t e r i t i s .
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